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• To evaluate, in young adults, the immediate effect of clear aligners (CAs) and 
aesthetic fixed appliances (AFAs) on the magnitude of rest to natural and rest 
to maximal smile  
• To evaluate, in young adults, the immediate effect of CAs and AFAs on intra-
session reproducibility of rest to natural and rest to maximal smile 
• To evaluate, in young adults, the immediate perception of CAs and AFAs 
 
MATERIALS AND METHODS 
 
Forty Caucasian subjects (20 females, 20 males), aged between 18 and 25 years, 
with a Class I incisor relationship and no history of orthodontic treatment were 
recruited.  3D stereophotogrammetric images were captured of each subject without 
appliances and separately, in random order with either CAs or AFAs (Session 1), at 
rest, natural and maximum smile (Capture A).  Following a rest period of 15 
minutes, the images were retaken both without and with appliances (Capture B) to 
assess intra-session reproducibility.  Four weeks later (Session 2), the same protocol 
was adopted as per Session 1, except that subjects who had been randomised to the 
CAs were allocated to the AFAs and vice versa.   
 
All images had 26 landmarks placed by 1 operator.  The landmarking identification 
error was calculated by re-landmarking 10 percent of the original sample one month 
after initial images were landmarked and determining the difference in landmark 
placement.  The mean magnitude of movement and reproducibility with each 
expression, rest to natural and rest to maximal smile, were compared and analysed 
across both genders.  Four weeks after Session 2, a questionnaire was issued via 




The landmark identification error was 0.50 +/- 0.08 mm.  For rest to natural smile, 
there was no significant difference in magnitude of movement with and without 
CAs (p = 0.6964).  In contrast, for rest to maximal smile, the magnitude of 
movement differed significantly with and without CAs (p = 0.0001), with 
significantly greater movement recorded with the latter.  For rest to natural and rest 
to maximal smile, there was a significant difference in magnitude of movement 
with and without AFAs (p = 0.0024 and p = 0.0002 respectively).  Significantly 
greater mean movement occurred with AFAs, than with CAs, for both expressions.  
The mean magnitude for each smile was greater in males than in females (p = 
0.0109). The order of randomisation of appliances made no difference to the mean 
magnitude of movement from rest to natural and rest to maximal smile (p = 0.0939). 
Without appliances, there was no significant difference in intra-session 
reproducibility of the magnitude of rest to natural and rest to maximal smile (p = 
0.3601) but significant differences existed in intra-session reproducibility of the 
mean magnitude of each expression with appliances (p = 0.0290).  Although 
statistically significant differences were recorded between appliances in magnitude 
and intra-session reproducibility for both expressions, these are unlikely to be of 
any clinical significance. 
Seventy-six percent of subjects preferred CAs to AFAs as they were deemed to be 
more discrete (43 percent) and more comfortable (33 percent).  All subjects 
indicated the appearance of CAs was good or very good.  Ninety percent of subjects 





• Except for rest to natural smile with CAs, both appliances had an immediate 
and significant impact on the mean magnitude of movement for both 
expressions 
• CAs and AFAs had a significant immediate effect on intra-session 
reproducibility of rest to natural and rest to maximal smile 
• Young adults’ immediate perception was preference for CAs as they were 
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The pursuit of the aesthetic smile has primarily driven the increased demand for 
adult orthodontics in recent years (Zachrisson, 2005).  This is reflected in the 
growth of adult cases in North American orthodontic practices from 20 percent in 
2007 to 25 percent in 2014 (Keim et al., 2007; Keim et al., 2008; Keim et al., 2014). 
 
Adults, however, are not only concerned by the treatment outcome but also by the 
provision of treatment by aesthetic appliances such as tooth coloured brackets and 
arch wires, lingual appliances and clear aligners (Boyd, 2011; Cedro et al., 2010).  
In addition, how appliances will impact their smile in the short term is an important 
consideration. 
 
Clear aligners (CAs) and aesthetic fixed appliances (AFAs) are 2 commonly used 
aesthetic appliances in adults.  The percentage of US orthodontic practices 
undertaking clear aligner therapy (CAT) increased from 76 percent in 2008 to 89 
percent in 2014 (Keim et al., 2014).  The median number of cases started per annum 
increased from 12 to 21 over the same period of time.  While the adoption of these 
appliances has increased significantly in recent years, their immediate effects on 
rest to natural and rest to maximal smile have not been explored in young adults.  
Their effect on the intra-session reproducibility of these expressions has not been 
assessed in a young adult group.  Furthermore, the immediate perception of young 
adults of both appliances has not been reported to date.  This project addresses these 
deficiencies in the orthodontic literature. 
 
This study set out to evaluate, in young adults, the immediate effect of CAs and 
AFAs on rest, natural and maximal smile and the immediate effect of CAs and 
AFAs on the intra-session reproducibility of each expression.  An online 













2. LITERATURE REVIEW 
 
 
2.1 SEARCH STRATEGY 
 
An electronic database search was conducted for literature written in the English 
language and published between January 1st 1965 to February 1st 2018.  The search 
strategy used in this literature review was conducted using Medline, Pub Med, 
Science Direct, Embase, Google Scholar, Cochrane Library and Academic Search.  
The following terms were used: ‘Prevalence of adult orthodontics’, ‘Adult 
orthodontics’, ‘Perceptions of orthodontics’, ‘Perception of orthodontic 
appliances’, ‘Evaluation of aesthetic orthodontic appliances’, ‘Cosmetic 
orthodontic appliances’, ‘Cosmetic braces’, ‘Aesthetic orthodontic appliances’, 
‘Aesthetic brackets’, ‘Invisalign®’, ‘Orthodontic aligners’, ‘Lingual orthodontics’, 
‘Short-term orthodontics’, ‘Three dimensional imaging or 3D’ or 
‘Stereophotogrammetry’ AND ‘Orthodontics’, ‘Facial expressions’, ‘Smile 
assessment’, ‘Reproducibility of facial expressions’, ‘Reproducibility of smile’ 
‘Orthodontic appliances and facial expressions’, ‘Intra-oral scanners’, ‘Digital 
models’ and ‘3D printing orthodontics’.  
 
Bibliographies of key papers were screened for further publications and sourced 
when considered relevant.  
 
This is a narrative, non-systematic review of the literature.  Six topics are 
considered within the literature review.  The first and second sections pertain to 
adult orthodontics and aesthetic appliances. The third and fourth sections relate to 
facial and dental imaging. The fifth section considers the smile. In the final section, 




2.2 ADULT ORTHODONTICS  
 
 
Adult orthodontic treatment is not new.  Pierre Fauchard made the first reference to 
adult orthodontics in 1723.  Kingsley, (1880) was credited with being one of the 
first dentists to consider the potential for adults to undergo orthodontic treatment 
(Goldstein, 1953).  
 
This section focuses on the prevalence of adult orthodontics, including 
demographics and motivations for orthodontic treatment. 
 
 
2.2.1 Prevalence of adult orthodontics 
There has been a continuous and sustained growth in the number of adults 
considering orthodontic treatment in Europe and North America in the last 30 years 
(Thilander, 1979; Buttke and Proffit, 1999; Cedro et al., 2010; Keim et al., 2014).  
 
In a North Carolina University clinic, the proportion of adult orthodontic patients 
grew from 5 percent to 25 percent from 1970 to 1990 (Buttke and Proffit, 1999).  In 
a survey of members of the American Association of Orthodontists, a 14 percent 
increase in adult patients was noted between 2010 and 2012.  More recent data 
indicates that adults account for 24 percent of a North American orthodontic 
practice caseload (Keim et al., 2014). 
 
In the UK, the 2007 British Orthodontic Society survey found on average 17 percent 
of an orthodontist's caseload consisted of adults (BOS, 2007).  More recently, adults 
have comprised 21 percent of NHS and 28 percent of private practice orthodontic 
patients (Cedro et al., 2010).  These percentages need to be interpreted with caution, 
however, as orthodontists working in private practices tend to see the highest 
proportion of adults.  In addition, the NHS hospital orthodontic service deals with 
the adult orthognathic patient caseload (Cedro et al., 2010). 
 
The number of orthodontists in the Republic of Ireland (RoI) has grown by 400 
percent over the last 25 years, making orthodontic services significantly more 
available (Moss, 1993; McGuinness and Collins, 2007).  In 2007, over 100 
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orthodontists in the RoI were surveyed and the results showed that 12 percent of 
adults were treated in a hospital setting, compared to 28 percent in private practice 
(McGuinness and Collins, 2007).  A 2017 questionnaire study in the RoI, reported 
that 95 percent of specialist orthodontists treated adults, with more patients being 
self-referred (McMorrow and Millett, 2017). 
 
 
2.2.2 Adult demographics 
Several studies have shown that females account for over 66 percent of adults who 
undergo orthodontic treatment (Tayer and Burek, 1981; Khan and Horrocks, 1991; 
Lew, 1993; Cedro et al., 2010; Keim et al., 2014).  However, 23 percent of 
orthodontists in the RoI indicated a 40 to 60 percent male adult caseload 
(McMorrow and Millett, 2017). 
 
Adults in higher socioeconomic groups also have an increased uptake, partly linked 
to their value systems and the associated costs involved (Whitesides et al., 2008).  
The 2017 RoI study found similar results, showing a ratio of 3:2 for professionals 
to non-professionals (McMorrow and Millett, 2017).  Young adults are more likely 
to undergo treatments than elderly adults (Dos Santos et al., 2017). 
 
Historically, most adult patients undergoing orthodontic treatment were in their 
early twenties, whereas now it is more common for adult patients to be in their late 
twenties and thirties.  A study conducted at the Eastman Dental Hospital London in 
1991 found that 41 percent of adult patients were aged between 18 to 21 years, two 
thirds were under the age of 26 years and nearly 4 percent were older than 42 years 
(Khan and Horrocks, 1991).  More recently, a UK based survey showed that most 
adults now commence orthodontic treatment between the ages of 26 to 35 years, 
followed by the age group of 36 to 45 years (Cedro et al., 2010).  In the RoI, a 
similar pattern was identified with most adult patients being within the 25 to 35 
year age group (McMorrow and Millett, 2017).  
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2.2.3 Motivations for adult orthodontics 
Adults seek orthodontic treatment for a broad variety of reasons, including 
aesthetic, functional, social and psychological concerns (Breece and Nieberg, 1986; 
Pabari et al., 2011).  In the 1950s, the driving force for adults to seek treatment was 
to correct a facial deformity (Goldstein, 1953).  In more recent years, however, the 
primary motivation has been to improve dental aesthetics.  In addition, adults are 
seeking treatment for minor corrections without referral from their general dentist 
(Cedro et al., 2010; Pabari et al., 2011; McMorrow and Millett, 2017).  Improved 
accessibility to the internet and an increase in external marketing have improved 
patient education regarding the positive impact of orthodontics on dental health as 
well as other dental procedures (Buttke and Proffit, 1999; Christensen and Luther, 
2015).  Superior aesthetics of orthodontic appliances and auxiliaries have made 
orthodontic treatment more desirable (Proffit, 2007).   
 
Marital status, age and oral health related quality of life (OHRQoL) were all 
significant variables in predicting the uptake in orthodontic treatment among UK 
adults in a private-practice setting (Johal and Joury, 2015).  Motivation to improve 
oral health has also been identified as a key motivation for seeking treatment 




2.3 AESTHETIC ORTHODONTIC APPLIANCES  
 
 
Aesthetic orthodontic appliances comprise of CAs, aesthetic brackets and wires as 
well as lingual appliances (Russell, 2005; Boyd, 2011; Hennessy and Al-Awadhi, 
2016; Hardwick et al., 2017).  
 
This study evaluates the effect of CAs and labial AFAs on smiling and perception.  
It does not assess specific properties regarding either appliance type.  As such, a 
brief overview will be provided with regard to these 2 aesthetic appliances.  Other 
aesthetic systems and appliances are not considered. 
 
 
2.3.1 Clear aligner therapy 
 
2.3.1.1 Development history 
Kesling (1945) developed a device to reposition teeth during the last phase of 
orthodontic treatment; he was aware of the limitations of the system and believed 
that additional tooth movements could be achieved by using several aligners.  
Ponitz (1971) developed the Invisible Retainer 30 years after Kesling's appliance 
failed.  The retainer produced minimal tooth movements and the crowns were 
tipped to attain the desired results.  In 1993, Sheridan proposed the use of clear 
aligners with interproximal tooth reduction to produce small tooth movements 
(Sheridan, 1993).  In 1999, the first aligner system (Invisalign®, Align Technology 




In 2017, over 305 million cases were in treatment with over 50,000 active 
Invisalign® clinicians including orthodontists and general dental practitioners 
(AlignTechnology, 2017).  The geographical case mix included 62 percent from 
North America and the remainder related to international sales.   
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2.3.1.3 Invisalign® treatment process 
The Invisalign® system uses CAD-CAM and stereolithography technologies to 
visualise treatment and fabricate custom-made clear aligners from a single 
impression (Kuo and Miller, 2003).  Stereolithography is a technology in which a 
laser beam hardens successive layers of photosensitive liquid resin until a solid 
model is formed (Sager, 2006).  Aligners are manufactured by first developing a 
digital model of the patient's baseline study model.  This can be done either via a 
direct digital scan or a FlashCT (HYTEC Inc, Los Alamos, New Mexico), which is 
an advanced computed tomography scan of a polyvinyl siloxane (PVS) dental 
impression (Vardimon et al., 2010).  A technician then uses ‘Treat software' (Align 
Technology Inc, San Jose, California) to place simulated gingiva and create a virtual 
setup according to the required prescription.  After manipulation of the digital 
model to incrementally align the teeth, the treatment plan is modified and approved 
using an online portal and ClinCheck® software (Kuo and Miller, 2003; Marti et 
al., 2017).  Then, a series of stereolithographic models are fabricated.  These are 
used to vacuum-form polyurethane resin custom-made aligners using a proprietary 
material called SmartTrack® (Wong, 2002; Keim, 2017). 
 
The aligners are then fitted, the tooth movement monitored and necessary 
adjunctive procedures are performed, such as; bonding attachments; interproximal 
reduction and elastics.  Each aligner is worn for approximately 2 weeks, for a 
minimum of 22 hours per day, and the aligner is removed during eating, tooth 
brushing and taking beverages that contain sugar (Miethke and Vogt, 2005; Kuo 
and Miller, 2003; Kravitz et al., 2009).  The patient is evaluated periodically to 
ensure the teeth are tracking as predicted.  When the patient has completed the 
programme of aligners, the clinician determines if treatment is complete or if 
additional refinement aligners are required (Wheeler, 2017). 
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2.3.1.4 Advantages and limitations 
The proposed advantages of CAs are: 
 
• Improved oral hygiene 
o Better for oral hygiene measures (Miethke and Brauner, 2007; 
Ziuchkovski et al., 2008) 
• Pain 
o Reduced pain reported in comparison to fixed appliances (Fujiyama 
et al., 2014) 
• More efficient 
o Fewer visits, a shorter treatment span, less emergency and chair time 
compared to fixed appliances (Buschang et al., 2014; Glassick et al., 
2017; Gu et al., 2017) 
• Bruxism 
o Treatment of choice for those with parafunctional oral habits due to 
aligner acting as a thin mouthguard preventing further wear to the 
occlusal plane (Nedwed and Miethke, 2005; Miller et al., 2007) 
• Anterior open bite 
o Helps correct mild anterior open bite by increasing interocclusal 
distance introducing an intrusive effect on posterior teeth (Schupp et 
al., 2010) 
• Heavily-filled teeth 
o Eliminates issues with bonding to heavily-filled teeth (Malik et al., 
2013) 
• Psychosocial or functional effects 
o Minimal adverse effects on quality of life during the initial stages of 
alignment (Miller et al., 2007) 
o Minimal effects during speech (Nedwed and Miethke, 2005) 
• Decreased root resorption 
o No root resorption found in 100 consecutively treated Invisalign® 
cases (Boyd et al., 2006; Boyd, 2008)  
 21 
Potential disadvantages of CAs include: 
 
• Tooth Movements 
o Not suitable for severe anteroposterior discrepancies and 
orthodontic movements such as torque, extrusion and intrusion of 
anterior teeth (Djeu et al., 2005; Bowman et al., 2015) 
o Not the treatment of choice for extraction and deepbite cases 
(Lagravere and Flores-Mir, 2005) 
o Lack of robust evidence on outcome measures using precision 
attachments (Bowman, 2017) 
o Not as effective in achieving ‘great improvement’, as measured by 
an occlusal index (Djeu et al., 2005) 
• Compliance 
o Not suitable for non-compliant patients (Baldwin et al., 2008; 
Kravitz et al., 2009)  
 
Clinical studies on Invisalign® are given (Table 2.1).  Five studies were 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   











   


















   













   








   
   
   







   
   
   
   






   
   
   
   
   
   
   















   
   
   










   
   
   
   
   
   
   












2.3.2  Ceramic brackets 
	
Ceramics are composed of aluminium oxide as monocrystalline or polycrystalline 
alumina.  Monocrystalline brackets are produced by melting aluminium oxide at 
over 2100 degrees Celsius and then cooling to create the bracket material (Gautam 
and Valiathan, 2007).  Polycrystalline brackets are created where the aluminium 
oxide is blended with a binder and heated to temperatures over 1800 degrees Celsius 
to fuse the particles (Russell, 2005).  The cooled mass is then injection moulded 
(Jena et al., 2007).  This eliminates any imperfections that are linked to the cutting 
process (Zinelis and Brantley, 2017). 
 
The differences in the manufacturing process of the monocrystalline and 
polycrystalline ceramic brackets result in differences in the mechanical and optical 
properties.  As Lopes Filho et al. (2012) described, the manufacturing process 
produces translucent brackets when monocrystalline brackets are made with the 
structure of a single crystal.  In polycrystalline brackets, the bonding between the 




Despite improved aesthetics, ceramic brackets have several disadvantages: 
 
• Wear 
o Abrasion of enamel and wear of opposing dentition, especially in 
deep bite cases (Ghafari, 1992) 
• Enamel damage during debonding 
o Damage due to high bond strength (Macri et al., 2015; Saito et al., 
2015)  
• Bracket fracture 
o Ceramic brackets are between 20 and 40 times less tough than 
stainless steel; bracket breakage can be a problem for brackets 
placed on lower incisors (Buzzitta et al., 1982; Johnson et al., 2005; 
Matsui et al., 2015; Iijima et al., 2017) 
o Ceramic brackets have lower fracture resistance compared to metal 




• Frictional resistance  
o Ceramic brackets had higher static frictional resistance under 
laboratory conditions (Angolkar et al., 1990) 
o Incorporating a metal slot reduced frictional resistance (Cacciafesta 





2.4 EXTRA-ORAL 3D IMAGING  
   
 
This study assessed 3D facial images, at rest and on smiling, of young adults using 
stereophotogrammetry.  Several 3D imaging techniques have been described.  
These include Moire topography, CT, CBCT, structured light scanning, 3D laser 
scanning, MRI, 3D ultrasonography and stereophotogrammetry.   
 
The advantages and disadvantages of each, excluding stereophotogrammetry, are 
summarised (Table 2.2).  These imaging techniques will not be examined further 
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Stereophotogrammetry is a special photography technique that uses 2 cameras with 
a configured stereo-pair to recover the depth of a 3D object (Hong et al., 2017).  
The disparity between the 2-dimensional locations helps in creating the 
corresponding points in the third dimension.  The 2 cameras are placed at 2 ends of 
an imaginary triangle where the distance between the cameras is fixed based on the 
nature of the object to be imaged (Andrade et al., 2017).  It allows simultaneous 
images of each side of the face to be taken, from which a 3D image is composed by 
capturing the surface appearance of the skin and “draping” it over a 3D wireframe 
model of the subject’s face (Hajeer et al., 2002; Hajeer et al., 2004).  
Stereophotogrammetry is more reliable and repeatable than anthropometric 
measurements (Ghoddousi et al., 2007) and is better than CT with respect to 
landmark assessment of the hairline, eyebrows and eyelids (Swennen et al., 2005).   
 
From an analysis of 34 stereophotogrammetric images, Baysal et al. (2016) 
concluded that facial landmarks for soft tissues in the context of extra-oral imaging 
showed high reliability and moderate reproducibility.  The overall differences in 
landmarks was less than 1 mm. 
 
 
2.4.1.1 Types of stereophotogrammetry 
There are 4 types of stereophotogrammetry systems: Di3D, C3D, Vectra 3D and 
3dMDface (Ayoub et al., 2003; Winder et al., 2008; Othman et al., 2013; Hong et al., 
2017).  The Di3D system has been shown to be a valid, reproducible and accurate 
method to assess facial expressions (Johnston et al., 2003).  The Di3D system was 
selected as the imaging system used in this study due to the validated accuracy of the 
system; due to the extensive experience of using this system within CUDSH and 
having a highly trained operator.  The Di3D system will be discussed in detail in this 






The Di3D system was developed by Dimensional Imaging, Glasgow and makes use 
of stereophotogrammetry to produce fully textured 3D surface contour images of 
the head and face (Salloum et al., 2017).  This system is passive in nature and has 
2 camera pods, each pod containing a pair of 10.1 megapixel colour assessment 
cameras.  Use of a synchronised auto flash helps capture 2 stereopairs of images 
which can be reconstructed into 3-dimensional data by capturing matching data 
from each set of images (Catherwood et al., 2011).  This system is found to have a 
typical shutter speed of 20 to 50 milliseconds when there is good lighting.  The 
overall data reconstruction process in this tool takes less than 3 minutes 
(Catherwood et al., 2011). 
 
The primary effectiveness of the Di3D system when compared to other 3D imaging 
systems is that it does not require any exposure to laser scanning (Almukhtar et al., 
2017).  This procedure is rapid and specific tests identify the overall accuracy of 
this tool.  Winder et al. (2008) made use of a mannequin head to address the 
effectiveness of facial landmark assessment.  The authors used colour coded surface 
difference images with repeated exposure.  A comparison of measurements of 
physical linear distance with digital measurements was carried out.  The findings 
showed that, overall, the Di3D tool had a mean error of 0.057 mm and a variance 
of 0.0016 mm.  This indicates that overall findings show high clinical accuracy and 
repeatability. 
 
Potential challenges have been linked to the operation of the Di3D capture software 
as its integrated image capture and 3D processing required some dynamic 
movement.  This led to the evolution of the dynamic Di4D system, where live 
onscreen previews were captured with cameras that could be moved to provide a 
comprehensive image of the face.  The choice of the dynamic software allowed 
viewing of more than 1 3D image and, therefore, helped in creating different 3D 







This system is based on the use of digital cameras along with special texture 
illumination.  These cameras have a capture time of 50 milliseconds (Hajeer et al., 
2004).  The system helps in quantifying the alteration of relevant tissues (Khambay 
et al., 2002).  
 
Vectra 3D dual module system 
This type of stereophotogrammetry method helps in better rotation, planning and 
zooming of images and is found to enhance consistency, as it makes measurement 
of the width of the image base and comparison possible (Othman et al., 2013).  
The system requires calibration on a daily basis, which can be time-consuming (See 
et al., 2008). 
 
3dMDface system 
This tool is a multi-modal system, which makes use of structured light as well as 
stereophotogrammetry (Hong et al., 2017).  Lübbers et al. (2010) showed that the 
overall precision and accuracy of this system is good as it is able to meet clinical 
needs.  The mean global error of this tool is only 0.2 mm and is, therefore, well 
within the clinical range.  
 
2.4.2 Landmarks 
Landmarks are pre-determined points on the face used to analyse 3D images.  These 
are identified and marked. Quantitative and qualitative assessments are then carried 
out (Liang et al., 2013).  
 
Douglas (2004) reported that through 3D construction and imaging using 
photogrammetry and cephalometry, facial surface landmarks could be identified.  
Similarly, Zogheib et al., (2018) in their comparison of 3D scanning with 2D 
photographs, found that the use of 3D tools was better, as quantitatively better 
landmarks were identified.  Hoevenaren et al. (2015) defined 30 landmarks based 




when specific landmarks were previously mapped and multiple subject analysis was 
carried out, reproducibility and reliability were high. 
 
Several studies have attempted to enhance 3D imaging-linked landmark 
assessment.  According to Perakis et al., (2010) facial landmark detection methods 
are classified as those which are dependent on geometric information and those 
which are supported through the use of trained statistical methods.  Seminal work 
on this was carried out by Lu and Jain, (2006) who identified through a fusion 
scheme of shape index that facial landmarks can be automatically detected using 
the position of the eye and the mouth.  Curvature analysis, geometric methodology, 
deformable matching and graph-matching are alternative methodologies that can be 
used.  Through structured learning, the authors were able to improve the overall 




2.5 INTRA-ORAL 3-DIMENSIONAL IMAGING  
 
 
The clear aligners used in this study were created from 3D intra-oral scans.  This 
technology will now be reviewed. 
 
 
2.5.1 Intra-oral scanners 
 
2.5.1.1      Overview 
 
Intra-oral scanners (IOS) are defined as devices that can help capture an optical 
impression.  Jiang et al. (2016) report that IOS are like other digital scanners, where 
a light source is projected onto a scanned object to create a digital image.  Most IOS 
are composed of a data acquisition unit that gathers information on the teeth through 
imaging; compatible software can then be used to design digital models which are 
anchored to these virtual impressions (Jiang et al., 2016).  The most commonly 
adopted application for IOS is the preparation of digital study models (Logozzo et 
al., 2014; Boeddinghaus et al., 2015).  Many IOS require powder and opacification 
(Agnini et al., 2015; Zaruba and Mehl, 2017). Efforts are being made, however, to 
reduce the use of these elements in order to enhance efficiency (Zimmermanna et 
al., 2015; Park, 2016).  There are differences between scanners in terms of scanning 
speed and the size of the scanning tip, which may impact patients’ comfort 
(Christensen, 2008).  
 
2.5.1.2     Types of IOS 
 
IOS capture images of the dento-gingival tissues by utilising imaging sensors to 
generate point clouds.  The imaging sensor gathers surface data points using laser 
light or white light, which are reflected to a sensor and a camera (Kravitz et al., 






Active wave front sampling 
This technology is used by the Trios scanner and 3 Shape software which was used 
in this study.  According to Syrek et al., (2010) the use of this method helps obtain 
3D data from a single lens imaging system, where 3 sensors capture clinical images 
from multiple angles at the same time.  With this method, surface patches can be 
generated leading to reconstruction of the teeth.  The Lava COS system also 
operates on this principle (Van der Meer et al., 2012).  This system has high data 
redundancy due to overlapping pictures which, in turn, ensures that there is highly 
accurate image quality; this is known as ‘point and stich reconstruction’ (Kravitz et 
al., 2014).  
Triangulation technology 
This technology uses the measurement of angles and distance from known points 
to scan an object.  The distance between the laser sources and the sensor is known 
and the reflected light is analysed using the angle of reflection.  The technology 
uses a thin coating of opaque powder to achieve the right angle of reflection.  The 
CEREC® AC Bluecam® utilises this technology (Patzelt et al., 2014).  
 
Parallel confocal imaging 
Laser light is projected through a filtered pinhole that is near the target tissue, for 
example iTero.  This system captures intra-oral surfaces using 100,000 points of 
laser light at 300 dpi focal depth of the tooth structure (Flügge et al., 2013).  
 
Accordion fringe interferometry 
This technique makes use of light sources to project 3 patterns of light, often 
referred to as a 'fringe' pattern, which are then recorded using video to help identify 
the right optical measurement (Jiang et al., 2016).  The Lythos intraoral scanner, by 




2.5.1.3      Advantages of IOS 
• Comfort 
o Less patient discomfort and high patient acceptance (Yuzbasioglu et 
al., 2014) 
• Efficiency 
o Operational efficiency is higher when intra-oral scans are taken as 
fewer steps are necessary (Joda and Brägger, 2015) 
• Enhanced Communication 
o Can provide real-time visualisation of patient needs and enhance 
patient communication (Kathariya, 2017; Mangano et al., 2018) 
 
2.5.1.4      Disadvantages of IOS 
• Cost 
o Expensive (Mangano et al., 2017) 
• Learning Curve 
o Time and learning curve associated with its operation (Joda et al., 
2017) 
• Acceptance by clinicians 
o Challenges in participants’ perception of ease of use (Marti et al., 
2017) 
 
2.5.2 3D printing of digital models 
3D printing is a manufacturing process by which objects are fabricated by making 
use of a layering method where fusing of material or depositing of material takes 
place to create a 3D structure (Müller et al., 2003; Canstein et al., 2008).  This 
method involves generating physical models, using digital layouts, via 3D printing 
techniques.   
 
2.5.2.1 3D printing techniques 
The most frequently used methods for dental 3D printers include stereolithography, 






In this most commonly used method, an ultraviolet laser cures resins into required 
shapes (Kasparova et al., 2013).  This process ensures that the printing plates move 
in small steps and the exposure of the resin to the ultraviolet laser helps create a 
cross-sectional layered printed model.  The method continues until the entire dental 
model is made (Keyhan et al., 2016).  The stereolithography technique applied by 
the Form2 3D printer was used to generate the models for this study. 
 
Triple jetting technology/polyjet 3D printing 
This method of 3D printing is akin to inkjet printing, where a printer jet layers 
curable liquid photopolymer onto a specific printing platform (Srivastava, 2017).  
This platform is used to create layered thickness, 1 layer at a time, until the entire 
shape has been printed.  The advantage of this method is that it can facilitate the 
use of multiple materials to achieve the required strength and durability.  This 3D 
printer can be easily maintained, but the cost of production is high due to the 
expensive raw materials (Chae et al., 2015).  This method is commonly used in 
other biomedical applications; the quality of print can be low and it is less 
commonly used in dentistry (Mahamood et al., 2016).  
 
Fused deposit modelling 
This is similar to the SLA approach and has been used extensively as the time taken 
is relatively less (Ning et al., 2015; Mohamed et al., 2015).  In this method, a melted 
filament of thermoplastic material is extruded using a nozzle which moves in an x-
y plane.  This then solidifies after being deposited onto the build plate.  The build 
plate lowers by a set distance once every layer is done (Chia and Wu, 2015).  The 
use of this technology provides 3D models which are comparable to plaster models 
and demonstrate the same occlusal relationship and dental arch morphology (Wang 





Comparison of techniques 
Models produced by the polyjet printer were accurate irrespective of the model 
base design.  In the SLA technique, however, only the horseshoe shaped base with 
a bar and the regular model were accurate (Camardella et al., 2017)  
 
2.5.3 Digital versus non-digital models comparative studies 
Evidence from comparative studies indicates: 
• Digital models have better ease of access and storage (Stevens et al., 2006) 
• The use of digital tools is better for treatment planning than the plaster models 
(Rheude et al., 2005) 
• Digital and plaster models both have high levels of measurement 
reproducibility, but digital models have a higher degree of efficacy and 
effectiveness (Motohashi and Kuroda, 1999; Tomassetti et al., 2001; Bell et 
al., 2003; Quimby et al., 2004) 
• The following features could be measured in a more accurate fashion from 
digital models:  
o Overbite; lower intermolar width, centreline discrepancy, lower 
incisor height (Abizadeh et al., 2012)   





2.6 THE SMILE      
 
 
2.6.1 Definition and relevance 
This study assessed the impact of CAs and AFAs on magnitude and reproducibility 
of smiling.  This section will define smiling and its relevance to orthodontics, then 
describe smile types and finally discuss methods of smile assessment. 
 
A smile is described as the change in the facial expression of an individual through 
the spreading of lips to denote pleasure or happiness (Toth et al., 2016).  A smile is 
often a result of complex neurological pathways which involve the cerebral cortex, 
where non-motor and motor functions are involved (Parrini et al., 2016).  The 
interaction between the cerebral cortex and the 7th cranial nerve and the sensory 
feedback input from the trigeminal nerve at the premotor cortex lead to the 
contraction of the facial muscles, producing a smile (Lukez et al., 2015; Mora et al., 
2015).  Given the level of importance attributed to smiling, the key elements of 
orthodontic diagnosis and treatment include smile analysis and smile design 
(Koidou et al., 2017).  An attractive smile is a motivation for individuals to seek 
orthodontic treatment (Lima et al., 2017).  
 
2.6.2 Smile types 
Various classifications of smiles have been reported.  These are based on different 
aspects and described as follows:  
 
• Exposure, posing and spontaneity of smiling (Patterns, 1999)   
o Spontaneous smile 
- Found in response to emotions, with pronounced lip 
elevation and lower engagement of the gingival band 
(Duchenne, 1862) 
o Natural/posed smile 
- No spontaneity and is often posed (Girard et al., 2015) 
-  Can be elicited in response to the following cue ‘say cheese’ 
(Zachrisson, 1998) 




- Maximum lip corner retraction, where the elevators of the 
upper lip and the corners of the mouth contract 
simultaneously to show upper and lower teeth concurrently 
(Sabri, 2005) 
 
• Smile level or pattern 
o Commissure smile/Mona Lisa 
- Regularly seen when people greet one another.  With this 
smile type, the commissures are pulled upward and the teeth 
are not displayed (Rubin and Rubin, 1974) 
o Cuspid smile / social smile  
- Often seen in self-portraits, where the upper lip is drawn 
upward uniformly with the display of the anterior teeth 
(Machado, 2014) 
o Complex smile 
- Where there is wide movement of the upper lip and lesser 
movement of lower lip and is often involuntary (Câmara, 
2010) 
 
• Exposure of teeth and gingivae  
o High smile 
- Complete crown length of the maxillary incisors is seen 
along with the gingival band 
o Average smile 
- 70 to 100 percent of maxillary incisors are visible 
o Low smile 
- Less than 75 percent of maxillary incisors visible 
o Gummy smile 





2.6.3 Components of the smile 
 
Lip line  
When a person smiles, the level to which the maxillary central incisor teeth are 
exposed vertically is known as the lip line (Calamia and Wolff, 2015).  When the 
gingival margin is touched by the upper lip, the lip line is considered to be optimal, 
exposing the entire length of the cervicoincisal line of the maxillary incisors with 
interproximal gingivae (Kallidass et al., 2017).  In males, the lip line is on average 
1.5 mm lower than in females, where the normal range of gingival display is 1 to 2 
mm.  Although some level of gingival display is acceptable and even considered 




This is the relationship of the curvature of the incisal edges of the maxillary incisors 
and canines to the curvature of the lower lip in the posed smile (Tjan et al., 1984; 
Sarver, 2001; Sabri, 2005).  In an optimal smile, it is described as “consonant” if 
the maxillary incisal edge curvature parallels that of the lower lip (Hulsey, 1970; 
Sarver, 2001; Sabri, 2005).  It can be unintentionally flattened during orthodontic 
treatment by over-intrusion of the maxillary incisors, incorrect bracket positioning 
and orthodontic forces affecting the cant of the occlusal plane (Sabri, 2005).  
 
Upper lip curvature 
This is a measure of the relationship of the central upper lip position to the corner 
of the mouth.  It is ‘upward’ when the corner of the mouth is higher than the central 
position, ‘straight’ when the corner of the mouth and the central position are at the 
same level and ‘downward’ when the corner of the mouth is lower than the central 
position.  Lip curvature cannot be improved with orthodontic treatment as it is 





Lateral negative space 
Lateral negative space is the buccal corridor between the posterior teeth and the 
corner of the mouth in smiling (Sabri, 2005).  It has also been defined as the ratio 
of the maxillary inter-canine distance to inter-commissure distance (Hulsey, 1970; 
McNamara et al., 2008). 
 
Smile symmetry 
This is the relative positioning of the corners of the mouth in the vertical plane; it 
is assessed by the parallelism of the commissural and pupillary lines (Sabri, 2005). 
Around 75 to 100 percent of the maxillary teeth lie below this line in an ideal, 
aesthetically pleasing, young person’s smile (Morley, 1999; Morley and Eubank, 
2001).  
 
Frontal occlusal plane 
Defined as the line from right and left canine cusp tips, a cant of the occlusal plane 
in the transverse dimension can be due to factors such as ankylosis, a digit sucking 
habit, differential eruption of the maxillary teeth or to a skeletal asymmetry of the 
mandible (Sarver and Ackerman, 2003b; Sabri, 2005). 
 
Dental components 
Size, shape, colour, alignment, crown angulation of the teeth, the midline and arch 
symmetry are all factors which affect the balance of the smile (Sabri, 2005). 
  
Ideally, the lateral incisor should be 67 to 72 percent the width of the central incisor 
and 1 to 1.5 mm shorter (Bukhary et al., 2007).  Teeth shape has been described as 
“square-round”, “round” or “square” (Anderson et al., 2005).  The maxillary central 
incisors tend to be the lightest teeth in the smile, while the canines characteristically 
have the greatest chroma and lowest value of the anterior teeth (Lombardi, 1973; 
Goodkind and Schwabacher, 1987; Morley and Eubank, 2001).  The maxillary 
incisor teeth tip medially (Andrews, 1972; Morley and Eubank, 2001).  This medial 
inclination increases as the teeth progress posteriorly from the dental midline 
(Morley and Eubank, 2001).  Dental midlines should be coincident, parallel with 




parallelism between the maxillary central incisor midline and the facial midline is 
more important than the coincidence between the dental and facial midlines 
(Kokich et al., 1999).  A mild midline discrepancy is acceptable as long as the 
interproximal contact area (connector space) between the maxillary central incisors 
is vertical (Sabri, 2005). 
 
Gingival components 
The gingival components of the smile are the colour, contour, texture and height of 
the gingivae.  Inflammation, blunted papillae, open gingival embrasures and uneven 
gingival margins detract from the aesthetic quality of the smile (Sabri, 2005).  
 
The gingival margins of the central incisors are normally at the same level or 
slightly lower than those of the canines, while the gingival margins of the lateral 
incisors are lower than those of the central incisors (Frush and Fisher, 1958; Morley 
and Eubank, 2001; Sabri, 2005).  
 
2.6.4 Smile assessment and evaluation 
 
2.6.4.1 Clinical assessment 
Existing literature (Frush et al., 1984; Schabel et al., 2008) suggests that smile 
assessment should be carried out as part of the comprehensive orthodontic 
examination.  There are various static and dynamic methods of smile assessment 
which can be undertaken from both the patient’s and the orthodontist’s perspective 
(Sarver and Ackerman, 2003). 
 
2.6.4.2 Photographic assessment 2D 
Photography-based assessment is a commonly used 2-dimensional method of smile 
assessment but is limited (Ferrario, 2000).  2D photographs have been used to assess 
various aspects of smiling.  These include: smile arc (Springer et al., 2011), buccal 
corridor (Springer et al., 2011), occlusal cant (Kaya and Uyar, 2016), incisor display 
(Kokich et al., 2006) and gingival display (Kaya and Uyar, 2013).  
 
Assessments have been made by orthodontists, general dentists and lay people 
(Kokich et al., 2006).  2D photography can help identify ideal aesthetic features, 




Statistically significant differences with respect to the amount of gingival display 
and smile attractiveness were found between various rater groups (Kaya and Uyar, 
2013).  The use of 2D photography, which can be digitally altered, was found to 
lead to subjective assessments with variations in acceptance of the ideal smile 
aesthetics among different raters (Kokich et al., 2006). 
 
2.6.4.3  3D analysis 
Flores-Mir et al., (2004) in their comparison of the frontal full face and lower facial 
third views, conclude that the use of a 3-dimensional assessment can improve 
overall analysis of the smile.  It has been shown that maxillary incisor labiolingual 
inclination and antero-posterior position play an important role in the aesthetics of 
the smiling profile (Cao et al., 2011).  
Smile aesthetics are often determined through a harmonious relationship amongst 
different components including the facial skeleton, musculature, fat distribution and 
the texture of the skin (Sforza et al., 2013).  Therefore, as Robiony et al. (1998) 
contend, it is essential that the face is represented as a stereoscopic dynamic 
structure.  A 3D assessment method can be effective as it can help identify the 
complex relationship between nose, malar zygomatics and chin-jaw lines.  
Additionally, a 3D configuration can also be used to assess facial proportions and 
asymmetry (Dibeklioğlu et al., 2015).  
Much of the recent research in smile evaluation has been carried out using 3D 
technology (Johnston et al., 2003; Sawyer et al., 2009; Campbell et al., 2012; Darby 
et al., 2015).  The various techniques available for 3D assessment have been 
outlined in preceding sections.  
2.6.4.4 Dynamic assessment 
The use of 3D motion analysers is ideal in smile aesthetics and treatment planning 
as they are non-invasive in their quantification and can provide a more holistic 
assessment (Sforza et al., 2013).  Lin et al. (2016) screened the stable and unstable 
points of the smile contour through the use of facial motion capture and curve 
fitting.  The region around the corner of the mouth was the most mobile area which 





Commonly addressed methods include video sequencing and images, as well as 
digital videography (Van der Geld et al., 2011; Zhang et al., 2015).  Capturing high 
definition video can help provide an optimal treatment plan, as direct biometric 
measurements can be made (Husain et al., 2017).  Similarly, Schabel et al. (2010) 
compared clinical photography with digital video clips using the Smile Mesh TM 
program.  Digital video clips showed more validity and consistency in assessment. 
 
2.6.4.5 Objective evaluation of the smile 
Studies which assessed smiling objectively are given in Table 2.3.  
 
The following observations and conclusions can be made: 6 studies have been 
conducted in North America, 6 in the UK, 13 in Europe and the remainder in Brazil, 
Turkey, Japan, Iran, Israel and India.  Ethnic mix is unspecified in 17 studies and 
given as Caucasian or White in 16 studies.  Sample size ranged from 7 to 230 
subjects.  The age range of adults is from 18 to 55 years in 23 studies; 7 studies 
exhibited a wider age range from 12 to 55, with a portion of the sample being under 
18 years and 2 studies did not specify an age range.  There was 1 study which solely 
assessed females and 5 studies relating to males only.  Twenty studies evaluated a 
mixed group, while in 7 studies the gender was not specified. 
 
Clinical assessment has been undertaken using many expressions, ranging from rest 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   
















   













   
























   
 
   
   
   







   
   
   
   
   
   







   
   








   









   
   
   
   
   






   
   
   
   
   
   
   
   
   







   
   
   
   



















   


















   
   
   
   
   







   
   
   
   
   
   
   
   













2.6.4.6 Subjective evaluation of the smile 
It is the orthodontist’s responsibility to guide their patients with regard to their 
treatment needs (Shaw, 1981; Pinho et al., 2007).  From the patient’s perspective, 
it is often the appearance on smiling that is of utmost importance (Pabari et al., 
2011).  This task is further complicated by the patient’s perception of their own 
malocclusion and what they perceive as aesthetic or attractive (Shaw et al., 1975).  
Furthermore, laypeople may be less sensitive to dentofacial abnormalities than 
dental professionals (Shaw et al., 1975; Kokich et al., 2006; Pinho et al., 2007).  
Consequently, there is a possibility that dental professionals could overestimate the 
need for orthodontic treatment in this regard (Shaw et al., 1975).   
 
2.6.5 Effect of race, age and gender on smiling  
 
Different ethnic populations have preferences for smile aesthetics.  A comparison 
between US Caucasians, US American Asians and Indians residing in India found 
buccal corridor space to be preferred by the US Indians when compared to 
Caucasians (Sharma et al., 2012).  The maximum and ideal gingival display, 
however, was found to be similar across all groups.  Variations also exist across the 
German, Russian and Turkish populations with regard to the acceptability and 
aesthetics of smiles (Sarver and Ackerman, 2003).  Europeans display larger facial 
movements than Asians (Tzou et al., 2004). 
 
Vig and Brundo, (1978) found that adult males show a larger upward vertical 
movement capacity than females, who show a more pronounced horizontal 
movement in posed smiles (Houstis and Kiliaridis, 2009).  In addition, the 
magnitude of the facial expressions are larger in males than females (Weeden et al., 
2001). 
 
With age, there was a decrease of 1.5 to 2 mm in the maxillary incisor display during 
smiling (Desai et al., 2009).  The smile index also increased.  Most subjects were 
found to display an average smile height and, with age, the spontaneity of the smile 
also decreased.  These changes are due to a combination of the loss of muscle tone 
and volume, increasing lip length and dental wear (Dong et al., 1999).  Upper lip 




further show that as a person ages, the smile becomes narrower vertically and wider 
transversely.  
 
2.6.6 Reproducibility of expressions  
 
Twelve studies evaluating repeatability of facial expressions in 3D indicate that 
there can be challenges linked to enhancing reproducibility of expression (Popat et 
al., 2009; Mishima et al., 2011).  It is essential that variation of repeated expression 
mapping should be as low as possible (Popat et al., 2008).  The use of 
stereophotogrammetry can create high inter-session reproducibility (Johnston et al., 
2003).  The use of 3D images, where specific patterns of smiles were used, helped 
enhance reproducibility within 10 to 20 minutes (Sawyer et al., 2009).  For an 
individual expression, the maximal smile had the highest similarity value for 
individual landmarks (Ju et al., 2016).  Through the use of 4D imaging it is possible 
to enhance reproducibility of the lip purse, cheek puff and eyebrow raise (Alagha 








2.6.7 Effect of appliances on smiling 
 
To date, only 2 studies, 1 recording 2D data and the other using 3D data, have been 
carried out to ascertain the soft tissue changes produced by orthodontic appliances.  
 
Abed et. al, (2009) evaluated the profile changes on 33 adults with regard to lip 
posture.  Photographs, taken before and after debonding of labial fixed appliances, 
were analysed via Viewbox software using customised reference lines.  No 
significant differences were found regarding lip posture between the profile 
photographs with or without the appliances. 
 
Eidson et al. (2012) analysed 3D stereophotogrammetric images of 50 teenage 
patients with Class I occlusion, before and immediately after debonding fixed 
orthodontic appliances.  The authors chose 6 landmarks, with proven validity, to 
evaluate soft tissue changes.  They found considerable variations in all landmark 
measurement changes among subjects, but the overall mean changes seen in the 
perioral soft tissues, with and without appliances, were not clinically significant. 
 
No study has assessed the effect of aesthetic orthodontic appliances on smiling in 
young adults.  In this project, the changes of facial expressions from rest to natural 







2.7 PATIENT PERCEPTION OF ORTHODONTIC APPLIANCES 
 
 
This study evaluates patient perception of 2 appliance types, CAs and AFAs, in 
young adults.  Studies to date that have evaluated patient perception of orthodontic 
appliances are given in Table 2.4. 
 
The following observations can be made: 
• 7 studies have evaluated patient perception of orthodontic appliances  
• 2 were conducted in North America; 2 in the UK, 2 in Brazil, 1 in Canada and 
1 in Germany 
• 4 studies evaluated young adults and older adults; 1 pertained to young adults 
and 1 had subjects ranging from 20 to 50 years old  
• All studies except 1 had a majority of female subjects, of which 4 studies had 
over 70 percent females 
• 3 studies considered both aligners and fixed appliances; 2 studies focused on 
lingual appliances; 1 related solely to Invisalign®; 1 assessed the perceived 
impact of fixed and clear appliances on beauty, 1 study analysed the social 
perception of adults wearing orthodontic appliances   
• 7 studies used questionnaires and 1 used interviews to gather data 
 
Ziuchkovski et al. (2008) assessed the aesthetics of orthodontic appliances by type 
using a questionnaire.  From their results, they created a hierarchy of appliance 
types categorised by attractiveness: clear aligners, ‘alternative’, ranked higher than 
ceramic appliances, which in turn were perceived as more aesthetically pleasing 
than stainless steel and self-ligating appliances.  Other studies have concurred with 
these findings (Jeremiah et al., 2011; Feu et al., 2012).  The aesthetics of the 
appliances seems to play a significant role in the patient acceptance of orthodontic 
treatment and overall satisfaction (Rosvall et al., 2009; Rossini et al., 2014).  
Patients have also been shown to be attracted to clear aligner treatment because 






Rosvall et al. (2009) found that patients would be willing to pay more for aesthetic 
orthodontics appliances, but Feu et al., (2012) in their group of Brazilian patients, 
found the contrary. 
 
In recent years, lingual appliances have also been shown to have increased 
acceptance and uptake, due to their superior aesthetics (Ata-Ali et al., 2016).  In the 
study by Jeramiah et al., (2011) lingual appliances ranked the highest in terms of 
aesthetics of all the appliances.  Hardwick et al. (2017) conducted an assessment of 
patient expectations from lingual orthodontics.  With age, there were differences in 
patient needs and expectations.  Males less than 30 years of age wanted aesthetics-
based systems but were unsure of the specifics of the system; on the other hand, 
women between 30 and 45 years of age were more knowledgeable and wanted to 
know more about the specific systems that they had researched.  
 
A recent study from Canada investigated patient satisfaction and quality of life 
(QoL) changes after Invisalign® treatment in a cohort of 81 patients (29.6 percent 
male and 70.4 percent female).  The authors reported an overall high level of 
satisfaction with Invisalign® treatment	(Pacheco-Pereira et al., 2018). 
 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   






   







   










   





















































• To evaluate, in young adults, the immediate effect of clear aligners (CAs) and 
aesthetic fixed appliances (AFAs) on the magnitude of rest to natural and rest 
to maximal smile  
• To evaluate, in young adults, the immediate effect of CAs and AFAs on intra-
session reproducibility of rest to natural and rest to maximal smile 
• To evaluate, in young adults, the immediate perception of CAs and AFAs 
 
 
3.2 NULL HYPOTHESES  
	
• There is no difference in young adults, between the immediate effect of CAs 
and AFAs on the magnitude of rest to natural and rest to maximal smile  
• There is no difference in young adults between the immediate effect of CAs 
and AFAs on intra-session reproducibility of rest to natural and rest to 
maximal smile 
• There is no difference in young adults between the immediate perception of 






















This was a prospective clinical cohort study.  Following the initial screening, all 
subjects had 3 appointments (Figure 4.1).  
 
 
4.2 ETHICAL APPROVAL 
 
Ethical approval was granted for this project from the Clinical Research Ethics 
Committee of the Cork University Teaching Hospitals (Appendix 1). 
 
 
4.3 SAMPLE SIZE 
 
A sample size of 40 subjects, 20 males and 20 females, was required to have an 80 
percent power to detect a clinically meaningful difference of 2 mm in the magnitude 
of facial expressions, rest to natural smile and rest to maximal smile with p< 0.05 
(Darby et al., 2015). 
 
 
4.4 RECRUITMENT FOR THE STUDY 
 
Subjects were recruited via email and social media.  They comprised students, staff 








Several pilot studies were conducted to evaluate the methods and procedures to be 
used prior to commencing the main study. 
 
A 1-day training course, provided by ESM Digital Solutions (Swords, Dublin), was 
undertaken.  This included training in the use of the TRIOS® Impression scanner 





All subjects were sent reminders via text message, at 48 hours and 8 hours prior to 
their appointments.  
 
A comprehensive tracking spreadsheet was created listing each of the subjects and 





All subjects received written and verbal information regarding the purpose, design 






4.8 INITIAL SCREENING 
 
One hundred and sixty-seven subjects attended the initial clinical screening and 
were evaluated against the inclusion and exclusion criteria as set out below. 
 
4.8.1 Inclusion criteria 
• Caucasian males and females 
• Age >18 and <25 years  
• Class I incisor relationship as defined by the British Standards Institute (1983) 
• No history of orthodontic treatment 
 
4.8.2 Exclusion criteria 
• Non-Caucasian 
• History of congenital orofacial clefting 
• Subjects with suspected or identifiable syndromes, facial deformity, muscular 
disorders or palsy, trauma, burns, paralysis, scars, botulinum toxin injections 
and dermal fillers, skin disease, surgery of the facial region or gross facial 
asymmetry 
• Missing anterior teeth 
• Malocclusion other than Class I 
• Previous orthodontic treatment 
 
Following the screening processes, 40 subjects were recruited (20 males and 20 



















Initial Screening  
• 167 subjects assessed 
• Inclusion and exclusion criteria applied 
 
First Appointment (Intra Oral Scanning) (0 Weeks) 
• Intra oral scans: 20 males, 20 females 
 
Second Appointment (SESSION 1) (4 Weeks) 
• Capture A, 3D images: rest, natural and maximal smile 
(with no appliances) 
• 15 minute wait 
• Capture B, second set of 3D images: rest, natural and 
maximal smile (with no appliances) 
• First appliances randomly allocated and fitted 
• 15 minute wait 
• Capture A, 3D images taken with the 1st appliance 
• 15 minute wait 
• Capture B, second set of 3D images taken with 1st appliance 
Questionnaire - (12 weeks) 
• Online questionnaire issued to all 40 subjects  
 
Production of CAs and AFAs 
• Digital models printed 
• CAs: produced in dental laboratory 
• AFAs: produced by principal researcher 
Third Appointment (SESSION 2) (8 Weeks) 
• Capture A, 3D images: rest, natural and maximal smile 
(with no appliances) 
• 15 minute wait 
• Capture B, second set of 3D images: rest, natural and 
maximal smile (with no appliances) 
• Second appliances randomly allocated and fitted  
• 15 minute wait 
• Capture A, 3D images taken with the 2nd appliance 
• 15 minute wait 
• Capture B, second set of 3D images taken with 2nd 
appliance 
T ir i t ent (SESSION 2) (8 We ks) 
• Capture A, 3  i ages: rest, natural and axi al s ile 
( ith no appliances) 
• 15 inute ait 
• Capture B, second set of 3  i ages: rest, natural and 
axi al s ile ( ith no appliances) 
• Second appliances were allocated	accor ing	to	the	first	
allocated	appliance	and	fitted 
• 15 minute wait 
• Capture A, 3D images taken with the 2nd appliance 
• 15 minute wait 





4.9 FIRST APPOINTMENT – INTRA ORAL SCANNING 
 
 
Following informed consent, a 3D intra oral scan (Figure 4.2) was taken of each 
subject with the TRIOS® scanner (Figure 4.3) to allow fabrication of the CAs and 
AFAs.  
 
The 3Shape TRIOS® scanner was calibrated for both colour and grey scale using 
the calibration heads provided.  Recalibration was carried out at regular intervals 
throughout the project as per the manufacturer’s guidelines. 
 









4.10  PRODUCTION OF THE CAs AND AFAs 
 
 
4.10.1 Production of the CAs 
The digital scans of the dental arches were imported into Ortho Analyser (Figure 
4.4), then based and imported into Appliance Designer, where they were labelled 
and exported as STL files.   
 
These were then imported into the Preform 3D printing software.  Print supports 
were generated (Figure 4.5) and the models printed and soaked in the IPA solution. 
These were then dried and packaged before sending via courier to DentalTech 
(Dublin, Ireland) where 2 sets of CAs were made for each arch.  The completed 
CAs were placed in individually labelled boxes.  
 
Figure 4.4: Basing the digital models 
  
(a)  Model in OrthoAnalyser	 (b) Defining occlusion and sagittal 
planes	
  










Figure 4.5: Printing the models 
  
(a)  Form2 printer	 (b)  Printing model with supports	
 








A pilot study was conducted to establish which type of aligner to use for this study.  
The majority of literature on CAs relates to Invisalign®.  Invisalign® was unable 
to sponsor this project so an alternative aligner was sourced.  A key characteristic 
of the aligner relevant for this study was the aligner thickness.  A trial was 
conducted to compare the thickness of Invisalign® aligners to that of Zandura 
aligners fabricated by Dentaltech (Dublin, Ireland).  A Vernier calliper was used to 
measure the thickness of each aligner at 12 prescribed sites (mid labial UR1, UL1; 
mid buccal UR3, UL3, UR5, UL5; and mid palatal UR1, UL1, UR3, UL3, UR5, 
UL5).  The mean thickness of the Invisalign® aligners was 0.79 mm and this closely 
matched the mean of 0.85 mm for the Zandura aligners. 
 
 
4.10.2 Production of the AFAs 
The digital models in OrthoAnalyzer® were segmented, points and cut lines 
defined, the models sculpted and the occlusal and sagittal planes defined.  After the 
FA points were identified on each tooth, brackets were applied and the model was 
imported into Appliance Designer (Figure 4.6).  The brackets were then removed 
from the digital model, virtual bracket markers added and the models were printed, 
left to soak in IPA solution and then dried.  The markers were removed with a 
scalpel and traced on the model with a 0.3 mm black Staedtler triplus fineliner pen 
(Nuremberg, Germany).   
 
When the CAs were placed over the printed model, the black traced marker outlines 
could clearly be seen through the CAs and this allowed for accurate direct bonding 
of the brackets to the CAs to produce the AFAs (Figure 4.7). 
 
Twenty 3M APC Flash-Free Clarity Advanced MBT brackets (Unitek, St Paul, 
Minnesota, USA) were bonded directly onto the CAs and 3M APC Victory Superior 
First molar tubes were bonded to the first and second permanent molars.  The upper 
and lower models were light-cured in a light-cure box for 20 seconds. 
0.014” Nickel Titanium (Unitek, St Paul, Minnesota, USA) archwires were ligated 
to each tooth with clear elastomeric modules (Orthocare, West Yorkshire, UK) and 




Figure 4.6:  Locating brackets on digital model in OrthoAnalyzer®  
  
(a)  Opening in OrthoAnalyzer®	 (b)  Segmenting and defining points	
  
(c)  Defining the cut (d)  Sculpting the model 
  
(e)  Define occusal and sagittal planes (f)  Locating FA point 
  
(g)  Software applied brackets on FA 
points  
 
(h)  Digital model used to compare 




Figure 4.7:  Direct method of bonding brackets to CAs to produce the AFAs 
 
(a)  Image of printed model with brackets removed and only bracket markers 
 
(b)  Image of printed model with markers removed and traced on model 
 






An error study was conducted to validate the accuracy of the direct bonding of the 
bracket onto the FA point by comparing the position of the brackets on the AFA 
model to the location of the brackets on the digital model using Ortho Analyzer® 
software (Figure 4.8).  
 
The bracket displacement was measured on each tooth for 4 models (10 percent of 
the sample) in the error study. All measurements were within the agreed tolerance 
of 0.5 ± 0.05 mm (Table 4.1). 
 
This measuring process requires making a judgement to determine the centre of the 
orientation marker on the bracket and clicking the mouse in the centre of that point 
in an accurate and repeatable manner.  An accuracy and repeatability study was 
conducted for each tooth for both arches to confirm this.  Figure 4.9 shows the 
results of the accuracy and repeatability study on 1 tooth.  The full results of the 
accuracy and repeatability study for all teeth are included in Appendix 3. 
 
Figure 4.8:  Measuring bracket position on AFAs relative to the digital model 
  
(a)  Two models superimposed: ‘Best 
fit method’	
(b)  Distance from orientation 











Figure 4.9:  Using Autodesk Netfabb® software to conduct accuracy and 
repeatability study 
  
(a)  Repeatability selecting centre of 
orientation marker	
(b)  Accuracy: measuring distance 
from selected point to true centre of 
orientation marker	
 
(c)  Repeatability study showing 10 selected points and distance to actual 






4.11        SECOND APPOINTMENT – SESSION 1 
 
 
4.11.1 Image capture process  
Subjects were required to remove all make-up, earrings and facial jewellery.  
Subjects with facial hair were required to shave it off and subjects with long hair 
were provided with standardised disposable hairbands to ensure that hair did not 
interfere with the images. 
 
During the second appointment (Session 1), images were taken with each subject 
seated in front of the 3D imaging system.  The 3D imaging assistant ensured that 
each subject’s head was in the natural head position (NHP) by asking them to look 
at their eyes in a mirror. 
 
Each subject was requested to generate each expression as directed by the assistant.  
Each expression was practiced until the subject felt comfortable performing it.   
 
The following facial expressions, using the verbal cues described by Zachrisson, 
(1998) were recorded:  
 
• Rest position  
a. Instruct the subject to say “Mississippi” 
b. Then instruct the subject to swallow 
c. Then instruct the subject to say “N” 
d. Check the patient’s position twice to ensure that the incisor display 
represents the true rest position of the lips 
e. Then take the 3D image 
• Natural smile   
a. Instruct the subject to bite their teeth gently together and say “Cheese” 
b. Check that the smile is natural and full 
c. Then take the 3D image 
• Maximal smile   
a. Instruct the subject to bite their teeth gently together and smile 
maximally 




3D images were taken preforming each of the expressions (Capture A) as described 
above without any appliances in place (Figure 4.10).  Following a 15-minute wait, a 
second set of images was recorded (Capture B).  The 3D imaging assistant reviewed 
each image during each session and if any image was distorted or incorrect, it was 









4.11.2 Imaging equipment set up   
The Postgraduate Orthodontic Unit at Cork University Dental School and Hospital 
has a dedicated imaging room suitable for 3D stereophotogrammetry (Figure 4.11).  
The 3D stereophotogrammetry system uses 4 Canon EOS 100D digital cameras 
with 2 Esprit 500 DX digital flashes. 
 
A purpose-built assembly fixture has been built to mount the cameras 850 mm apart 
in the horizontal direction.  The cameras were connected to a DELL Dimension 
8400 computer on which Di3D software (Dimensional Imaging Ltd) was used to 
capture the images (Figure 4.12).   
 
For each point imaged in the left camera, the corresponding point in the right 
camera is determined and the output of this process is recorded as x and y co-
ordinates of each pixel on the face.  From this, the third dimension of each pixel 
can be calculated, resulting in a high-quality 3D photorealistic model (Ayoub et al., 
1998; Leung et al., 2016). 
 









The CAs and AFAs were assigned to subjects in a random order by the 3D Imaging 
Assistant.  A random number generator software was used to assign a random 
number, 0 or 1, to each subject: 0 = CAs; 1 = AFAs.  The randomised selection was 
concealed in brown envelopes. 
 
Fitting the appliances 
Subjects were taken to the Postgraduate Orthodontic Clinic to have the allocated 
appliances (CAs or AFAs) fitted by the principal researcher.  Subjects were then 
taken to the waiting area and instructed not to remove the appliances while waiting. 
 
Image capture with appliances 
Following a 15-minute wait with the appliances in situ, 3D images at rest, natural 
and maximal smile were recorded (Capture A).  After a further 15-minute interval, 
with the appliances in situ, a second set of 3D images was captured of the same 
expressions (Capture B) (Figure 4.13).  The appliances were then removed and the 




4.12 THIRD APPOINTMENT – SESSION 2 
 
 
Session 2 was scheduled for the same week day and the same time of day, morning 
or afternoon, 4 weeks after Session 1.  3D images were captured at rest, natural and 
maximal smile with no appliances in place (Capture A).  After a 15-minute wait, a 
further set of 3D images were captured with no appliances in place (Capture B). 
 
Subjects who had been randomised to the CAs at Session 1, were now allocated the 
AFAs and vice versa; the allocated appliances were fitted.  Following a-15 minute 
wait, 3D images at rest, natural and maximal smile were recorded (Capture A).  
After a further 15-minute interval, a second set of 3D images were captured 
(Capture B) of the same expressions (Figure 4.13).  The appliances were then 























Figure 4.13:  Facial images of a female subject at rest and natural smile, 
without and with, CAs and AFAs 
  
(a) Facial images of a female subject with no appliances in situ: at rest and 
natural smile  
  
(b) Facial images of a female subject with CAs in situ: at rest and natural 
smile 
  












After all of the images were captured, the following landmarks, as defined by 
Farkas, (1994) were placed on each image (Table 4.2).  They are shown on a model 
in Figure 4.14.  The lower face landmarks are denoted in blue. 
 
Table 4.2:  Table detailing the landmarks as defined by Farkas 
LANDMARK DEFINATION 
Glabella (g) Most prominent midline point between eyebrows 




Outermost point on the commissure of the right eye 
fissure  
Mid pupil right (mpR) Centre point of the right pupil 
Orbitale right (oR) Lowest point on the lower margin of the right orbit 
Endocanthion right 
(enR) 
Innermost point on the commissure of the right eye 
fissure  
Endocathion left (enL) Innermost point on the commissure of the left eye 
fissure  
Mid pupil left (mpL) Centre point of the left pupil 
Orbitale left (oL) Lowest point on the lower margin of the left orbit 
Exocanthion left (exL) Outer most point on the commissure of the right 
eye fissure  
Pronasale (prn) Most protruded point of the apex nasi identified in 
the lateral view of the rest position of the head 
Subnasale (sn) Midpoint of the angle where the lower nasal 
septum and the lips meet (the base of Columella) 
Alar curvature right 
(acR) 
Most lateral point in the curved base line of the 
right ala 
Alar curvature left 
(acL) 
Most lateral point in the curved base line of the left 
ala 
Alare right (aR) Most lateral point on the right alar contour 
Alare left (aL) Most lateral point on the left alar contour 
Cheilion right (chR) Outermost point of the right lip commissure 
Christa philltri right 
(cphR) 
Point on the right elevated margin of the philtrum 
just above the vermillion line 

















Christa philltri left 
(cphL) 
Point on the left elevated margin of the philtrum 
just above the vermillion line 
Cheilion left (chL) Outermost point of the left lip commissure 
Labiale inferius (li) Lower border of the lower lip 
Lower lip right (llR) Point located midway between cheilion right and 
labiale inferius 
Lower lip left (llL) Point located midway between cheilion left and 
labiale inferius 
Sublabiale (sl) Lower border of the lower lip or the upper border 











4.14 STATISTICAL ANALYSIS 
 
 
The average range of movement was calculated for the rest to natural and rest to 
maximal smile over all landmarks and for the lower facial landmarks separately.  
Results for the CAs were compared to those of the AFAs.  Movements were 
analysed using an analysis of variance model for repeated measures.  
 
Appliance, capture, expression, gender and the sequence of fitting the appliances 
were included as factors in the model.  Two-way interactions between appliances 
as well as capture, expression and gender were also included.  An unstructured 
Analysis of Covariance (ANCOVA) model was applied.  Residual analyses were 
performed to confirm the suitability of the ANCOVA model.  Appropriate 
comparisons were performed using linear contrasts estimated from the model.  In 
the statistical data, for presentation purposes, the sessions were standardised so that 
all data relating to the CAs was designated as Session 1 and all data relating to the 
AFAs as Session 2, irrespective of which appliances the subject received at each 
session. 
 
The level of significance used was 5 percent and all statistical analyses were 
performed in SAS® (Version 9.4). 
 
To access intra-observer reproducibility in landmark placement, a random sample 
of 10 percent of the images was selected and re-landmarked by the same operator 1 
month after initial landmarking.  The 3D coordinates for the first set of values were 






4.15 FOLLOW-UP QUESTIONNAIRE 
 
A questionnaire was developed and piloted among 20 members of staff from 
CUDSH.  The pilot group was briefed about the context and nature of the research 
project and was asked about ease of comprehension and ambiguity. 
 
Following feedback, 1 question was changed and the revised questionnaire was 
distributed to a further 10 members of staff from CUDSH.  No further amendments 
were required.  The finalised questionnaire (Appendix 2) was then transformed into 



















5.1 SUBJECT DETAILS 
 
Forty Caucasian subjects with a Class I incisor relationship (BSI, 1983) and no 
history of orthodontic treatment took part in this study; 20 males (mean age 20.80 
± 1.54 years) and 20 females (mean age 21.15 ± 1.35 years).  The mean overjet for 
males was 2.0 ± 0.9 mm and for females was 2.6 ± 0.6 mm. 
 
 
5.2 LANDMARK IDENTIFICATION ERROR 
 
Each subject had 24 images captured.  This resulted in 960 images for the 40 
subjects.  Each image had 26 landmarks identified.  Ten percent of the images were 
landmarked a second time and their coordinates compared to the originals.  The 
mean landmark identification error for each landmark is the mean difference 
between the 2 sets of landmark placement coordinates (Figure 5.1).  
The overall mean landmark error was 0.50 ± 0.08 mm.  This was determined to be 











































5.3 LANDMARK MEAN DIFFERENCE ANALYSIS 
 
During Session 1, 3D facial images were recorded at rest, natural and maximal 
smile without an appliance (Capture A) and repeated again after a 15-minute 
interval (Capture B).  The subject was allocated CAs or AFAs and Captures A and 
B were repeated.  This was repeated during image Session 2 with the other 
appliance.  To determine the reproducibility of the expressions in this study, the 
mean difference between each landmark for each image between Capture A and B 
was calculated.  The percentage of landmarks where the mean difference was less 
than 1.5 mm was established, as this has been used formerly as the limit of what is 
acceptable and reproducible (Popat et al., 2008).  All expressions had between 75 
and 84 percent of landmarks with a mean difference less than 1.5 mm. 
 
Figure 5.2 represents the mean landmark difference by appliance type while Figure 
5.3 represents the data by expression type.  The percentage of landmarks with intra-
session mean difference less than 1.5 mm was greater for CAs than for AFAs for 
all expressions, while the natural smile type had the least percentage of landmarks 

































































































































For rest to natural smile, there was no significant difference in mean magnitude 
of movement with and without CAs (p = 0.6964) (Table 5.1).  Table 5.2 and 
Figure 5.4 show a mean magnitude of movement of 5.02 ± 1.3 mm from rest to 
natural smile with no appliance and a mean magnitude of movement of 4.97 ± 
1.28 mm from rest to natural smile with CAs.  
 
In contrast, for rest to maximal smile, the mean magnitude of movement differed 
significantly with and without CAs (p = 0.0001) (Table 5.1), with significantly 
greater movement recorded with the latter.  Mean magnitude of movements of 
6.06 ± 1.26 mm and 6.36 ± 1.27 mm were recorded for no appliances and with 
CAs respectively (Table 5.2). 
 
AFAs 
For rest to natural and rest to maximal smile, there was a significant difference 
in mean magnitude of movement with and without AFAs (p = 0.0024 and p = 
0.0002 respectively) (Table 5.1).  Significantly greater mean magnitude of 
movement occurred, with AFAs for both expressions, 5.28 ± 1.33 mm for rest to 
natural smile and 6.43 ± 1.61 mm for rest to maximal smile.  The mean 
magnitude of movement without AFAs was 4.85 ± 1.18 mm for rest to natural 
smile and 6.02 ± 1.36 mm for rest to maximal smile (Table 5.2).   
 
Gender 
The mean magnitude of movement for each smile was significantly different 
between males and females (p = 0.0109) (Table 5.4).  Greater total mean 
magnitude of movement was observed in males, 4.75 ± 1.02 mm to 5.31 ± 1.44 
for rest to natural smile and 5.86 ±1.23 mm to 6.58 ± 1.44 mm for rest to maximal 
smile (Table 5.3) (Figure 5.5). 
 
The combined type of appliance the subject wore and gender (p = 0.0620) (Table 
5.4) had no significant effect on the mean magnitude of movement of either 




was 4.61 ± 1.08 mm for CAs and 5.10 ± 1.03 mm for AFAs and this compared 
to 5.32 ± 1.38 mm and 5.46 ± 1.56 mm respectively for males.  Similarly, the 
smile magnitude for rest to maximal smile in females was 6.04 ± 1.14 mm for 
CAs and 6.15 ± 1.46 mm for AFAs; and this compared to 6.67 ± 1.32 mm and 
6.71 ± 1.73 mm in males.  
 
Sequence  
The order of appliance randomisation had no significant effect on the mean 
magnitude of movement of either smile (p = 0.0939) (Table 5.4). 
 
Table 5.1:  Pair-wise comparisons of mean magnitude of movements for 
appliance, smile and capture 
 
  
COMPARISON t Value P Value 
CAs V None (Natural) -0.39 0.6964 
CAs V None (Maximal) 4.33 0.0001 
AFAs V None (Natural) 3.25 0.0024 
AFAs V None (Maximal) 4.19 0.0002 
CAs V None (Capture A) 0.85 0.3984 
CAs V None (Capture B) 2.76 0.0090 
AFAs V None (Capture A) 2.70 0.0104 




Table 5.2:  Mean magnitude of movements across all landmarks for females 



















































































Table 5.3:  Mean magnitude of movements across all landmarks separated by 







Without    
AFAs 
 Without    
 AFAs 





Table 5.4:  Formal statistical analysis of mean magnitude of movements of 

















F VALUE P VALUE 
Appliance 3 37 7.82 0.0004 
Capture (A/B) 1 37 0.86 0.3601 
Expression 1 37 97.12 < 0.0001 
Gender 1 37 7.18 0.0109 
Sequence 1 37 2.96 0.0939 
Appliance* Capture 3 37 3.36 0.0290 
Appliance* Expression 3 37 5.96 0.0020 










































































5.5 REPRODUCIBILITY OF SMILE MAGNITUDE 
 
The following can be concluded regarding the effect the appliances had on the 
reproducibility of magnitude of each smile. 
 
Intra-session reproducibility without appliances 
There was no significant difference in intra-session reproducibility of the 
magnitude of rest to natural and rest to maximal smile without CAs or AFAs (p 
= 0.3601) (Table 5.4).  
This is reflected in the mean magnitude of movement without CAs of the rest to 
natural smile for Capture A (first set of images taken in each session) of 5.05 ± 
1.30 mm, and 4.99 ± 1.32 mm for Capture B (second set of images taken in each 
session) (Table 5.2).  Similarly, the mean magnitude of movement without 
AFAs was 6.03 ± 1.43 mm for Capture A and 6.05 ± 1.33 mm for Capture B 
when performing the rest to maximal smile (Table 5.2).   
 
Intra-session reproducibility with appliances 
There was a significant difference in the reproducibility of smile magnitude 
between Capture A and Capture B for the two appliance types (p = 0.0290).   
The mean magnitude of movement with CAs for rest to maximal smile at 
Capture A and Capture B was 6.21 ± 1.32 mm and 6.50 ± 1.21 mm respectively 
(Table 5.2).  With AFAs the mean magnitude of movement from rest to natural 
smile for Capture A was 5.17 ± 1.35 mm and 5.39 ± 1.31 mm for Capture B; 
additionally, the mean magnitude for rest to maximal smile for Capture A was 
6.48 ± 1.51 mm and 6.39 ± 1.73 mm for Capture B (Table 5.2). 
 
With regards to Capture A, the reproducibility of the mean magnitude of each 
smile did not differ significantly with (4.99 ± 1.25 mm) and without CAs (5.05 
± 1.30 mm) (p = 0.3984) for rest to natural smile, but did with (5.17 ± 1.35 mm) 
and without AFAs (4.92 ± 1.20 mm) (p = 0.0104), the mean smile magnitude 
being greater with the latter (Table 5.1 and Table 5.2).  
 
With regards to Capture B, the reproducibility of the mean magnitude of each 
smile differed significantly with (6.50 ± 1.21 mm) and without (6.05 ± 1.33 mm) 




without AFAs (6.00 ± 1.30 mm) (p < 0.0001), with mean smile magnitude being 








5.6 ANALYSIS OF LOWER FACIAL LANDMARKS 
 
Whilst the focus of this analysis relates to movements averaged over all 26 facial 
landmarks, movement over the 10 lower-face landmarks is considered briefly 
(Table 5.5). 
 
The appliance type the subject wore and the subject’s gender (p = 0.0346) had a 
statistically significant effect on the mean magnitude of movement of both smiles.  
The appliance type and the capture session did not have a statistically significant 
effect on the mean magnitude of movement of rest to natural and rest to maximal 
smile.  
 
These findings contrast with the findings of the overall analysis of the 26 landmarks. 
 
Table 5.5: Formal statistical analysis of mean magnitude of movements for 10 





















F VALUE P VALUE 
 Appliance 3 37 4.29 0.0108 
 Capture (A/B) 1 37 0.13 0.7238 
 Expression 1 37 69.33 < 0.0001 
 Gender 1 37 9.18 0.0044 
 Sequence 1 37 1.09 0.3042 
 Appl*Capture 3 37 1.12 0.3524 
 Appl*Expression 3 37 5.70 0.0026 




5.7 QUESTIONNAIRE SURVEY 
 
A questionnaire survey was conducted to evaluate, in young adults, the immediate 
perception of CAs and AFAs.  Thirty-three subjects completed the questionnaire, 
16 females (mean age 20.86 ± 1.63 years) and 17 males (mean age 20.94 ± 1.39 
years).  The results for each question are shown graphically below (Figure 5.6 to 
Figure 5.14 inclusive). 
 
The survey showed 76 percent of subjects preferred CAs (Figure 5.6).  All subjects 
indicated the appearance of the CAs as being good or very good, while only 60 
percent of subjects reported likewise about the AFAs (Figure 5.7).  Eighty-two 
percent reported the CAs were ‘Comfortable’ or ‘Very Comfortable’ to wear and 
only 48 percent denoted the same about the AFAs; this increased to 88 percent and 
55 percent respectively when the subject was smiling (Figure 5.8). 
 
The CAs were perceived to have very little impact on bite, lips, cheek and tongue 
as well as minimal impact on study, working or social environment (Figure 5.9 and 
Figure 5.10 respectively).  Seventy-six percent of subjects advised they were 
‘Likely’ or ‘Very Likely’ to wear CAs if undergoing orthodontic treatment and this 
compared to just 39 percent for AFAs (Figure 5.11).  Only 27 percent of subjects 
intimated they would be willing to wear the CAs for more than 12 months and this 
compared to just 17 percent for AFAs (Figure 5.12).   
 
Forty-eight percent of subjects were ‘Likely’ and a further 42 percent were ‘Very 
Likely’ to recommend CAs to a friend but only 18 percent and 36 percent 
respectively reported likewise with AFAs (Figure 5.13).  The perceived reasons for 
recommending CAs included discretion and comfort while the perceived benefits 
of AFAs included ‘shorter treatment time’, ‘easier to comply with’ and ‘less hassle’ 












Figure 5.8:  Subjects’ perceptions of how comfortable each appliance was 






Figure 5.9:  Subjects’ perceptions of how their bite, lips, cheeks and tongue 




Figure 5.10:  Subjects’ perceptions of how each appliance would affect them 







































This would appear to be the first study to report in young adults the immediate 
effects of CAs and AFAs on the magnitude of rest to natural and rest to maximal 
smile.  This study is also the first to report in young adults the immediate effects of 
CAs and AFAs on the intra-session reproducibility of these expressions and the 
immediate perception of young adults of both appliances.  This chapter will discuss 
the study design and its findings in more detail.  
6.1 STUDY DESIGN 
This was a prospective clinical cohort study assessing the effects of CAs and AFAs 
on linear soft tissue changes.  The method of evaluation was by 3D imaging, using 
a DI3D stereophotogrammetry system, which has been shown to be a valid, 
reproducible and accurate method to assess facial expressions (Johnston et al., 
2003).  Previous prospective 3D cohort studies, similar to this study design, were 
undertaken by Johnston et al. (2003), Campbell et al. (2012), Darby et al. (2015) 
and Salloum et al. (2017).  They differed, however, from this study in the following 
aspects: Johnston et al. (2003) evaluated the reproducibility of facial expressions 
only; Campbell et al. (2012) assessed the effect of overjet on the magnitude and 
reproducibility of smiling in an older female group, mean age 30.1 years; Darby et 
al. (2015) evaluated the effect of smiling on facial asymmetry in a similar age cohort 
to the present study; and Salloum at al. (2017) assessed both volumetric and soft 
tissue profile changes of a twin-block appliance in a younger age group, mean age 
13.4 years.   
Previous prospective 3D and 2D cohort studies, which assessed soft tissue change 
from orthodontic fixed appliances, were undertaken by Eidson et al. (2012) and 
Abed et al. (2009) respectively.  This study differed from the former study as Eidson 
et al. (2012) utilised only 6 lower face landmarks only to assess lip position. In the 
latter study, the authors carried out an assessment of changes in lip posture was 
undertaken using 2D profile cephalometric landmarks of the upper and lower face.  
In the current study, all subjects were evaluated in 3D using 26 facial landmarks 




6.2 SAMPLE SIZE AND CHARACTERISTICS  
A sample size of 30 subjects with 15 males and 15 females per group was previously 
determined to have a power of 80 percent to detect differences of 0.5 mm between 
similar expressions (Johnston et al., 2003).  In the present study, 20 subjects per 
gender group were recruited to allow for potential attrition.  This sample size is 
comparable to studies in which 3D stereophotogrammetry was used to assess soft 
facial expressions in adults (Campbell et al., 2011; Darby et al., 2015).   
 
A p value < 0.05 was used to detect a change of 1 mm in any landmark position, 
similar to the studies by Johnston et al. (2003), Gwilliam et al. (2006) and Titiz et 
al. (2012).  The selection criteria used in this study allowed standardisation of the 
groups.  The limitations of previous studies in terms of age range (Popat et al., 
2008), malocclusion type (Johnston et al., 2003), gender (Holberg et al., 2006) and 
ethnicity (Yang et al., 2008; Krishnan et al., 2008) were addressed.  Some previous 
studies have also failed to disclose the orthodontic treatment status of the subjects 
included (Hontanilla and Auba, 2008; Gruebler and Suzuki, 2010), while this study 
only included subjects who had not previously received orthodontic treatment. 
 
Equal numbers of male and female subjects were recruited.  The male and female 
groups were of similar age.  The average age of the males was 20.8 ± 1.54 years, 
while that of the females was 21.15 ± 1.35 years.  These characteristics of the 
sample minimise the effect of bias on the results.  Samples of similar gender balance 
and age were recruited by Johnston et al. (2003) and Darby et al. (2015) with 15 
males and 15 females (age range of 20 to 30 years) for the former, and 20 males 
and 20 females (age range of 18 to 30 years) for the latter.  In contrast, the sample 
evaluated by Campbell et al. (2012) included females only, although the age group 
was slightly older than in the present study (mean age of 30.1 ± 6.4 years).  
 
All of the subjects in the present study had a Class I occlusion and were of 
Caucasian origin which is comparable to the studies by Johnston et al. (2003) and 







6.3 FACIAL EXPRESSIONS AND CUES 
 
To address some of the limitations of previous studies, which failed to detail the 
cues used to elicit the facial expressions (Trotman et al., 1998b; Sawyer et al., 
2010), the current study used standardised prompts.  The same prompts were used 
in some previous studies (Johnston et al., 2003; Campbell et al., 2011; Darby et al., 
2015), which allows inter-study comparison. 
 
6.4 LANDMARK IDENTIFICATION ERROR 
 
The mean intra-observer landmark identification error was 0.50 ± 0.08 mm, which 
compared favourably with similar 3D stereophotogrammetry studies: 0.49 mm 
(Johnston et al., 2003); 0.79 mm (Ayoub et al., 2003); 0.57 mm (Campbell et al., 
2011); and 0.41 mm (Darby et al., 2015).  It is also below the threshold level of 2 
mm formerly proposed as acceptable in terms of reproducibility by Weinberg et al. 
(2004).  Hajeer et al., (2004) reported that a landmark can be considered highly 






6.5 IMMEDIATE EFFECT OF CAs AND AFAs ON REST TO 
NATURAL AND REST TO MAXIMAL SMILE 
 
The assessment of changes in the magnitude of the smile when CAs or AFAs are 
worn has not been reported previously in the orthodontic literature.  Changes in lip 
posture (Abed et al., 2009) and lip position (Eidson et al., 2012) following 
debonding of buccal fixed appliances have been assessed.   
The findings in this study show that when CAs were in situ, there was an effect on 
the mean magnitude of movement of facial landmarks from rest to maximal smile 
only (p = 0.0001).  With AFAs, there was an effect on the magnitude for both 
smiles, rest to natural and rest to maximal smile (p = 0.0024 and p = 0.0002 
respectively).  In contrast, previous studies (Abed et al., 2009; Eidson et al. 2012) 
have reported no significant changes in lip posture and lip position with the 
presence of buccal fixed appliances.  Abed et al., (2009) in a cephalometric study, 
comparing pre- and post debond lip soft tissue movement, reported changes of 0.38 
mm and 0.07 mm for movement of the upper and lower vermillion border 
respectively; this was further validated by non-significant findings for the same 
points with their photographic analysis.  Edison et al., (2012) showed that from 
before to after appliance removal, all landmarks moved in a posterior direction but 
to a clinically insignificant amount (set at 1.5 mm).  The current study differs, as 
only the immediate effect of appliances on smile magnitude was assessed in a 
simulation scenario, showing a total mean magnitude of movement with AFAs from 
rest to maximal smile of approximately 0.41 mm. 
 
Comparing CAs and AFAs, the current study found a difference in mean magnitude 
of movement between appliances, from rest to natural smile, of approximately 0.31 
mm and from rest to maximal smile of 0.07 mm.  These differences are so small as 
to infer that there would be no clinically significant difference in mean magnitude 
of movement for either smile with either appliance in young adults. 
 
Greater mean magnitude of movement was, however, observed with AFAs.  This 




movements to reach the required smile than with CAs, which were of a smaller 
diameter.   
 
With no appliance, mean magnitude of movement for both smiles was greater in 
males than females (p = 0.0109).  This contrasts with the study by Darby et al., 
(2015) which did not find a statistically significant difference in the smile magnitude 
between genders (p = 0.4238). 
 
With either appliance, the mean magnitude of movement for both smiles did not 
differ significantly between males and females (p = 0.0620).  No inter-study 
comparisons can be made relating to gender differences, as gender was not specified 
in the North Carolina study by Eidson et al. (2012) and there was a gender imbalance 







6.6 IMMEDIATE EFFECT OF CAs AND AFAs ON THE 
REPRODUCIBILITY OF REST TO NATURAL AND REST TO 
MAXIMAL SMILE 
 
The present study found that CAs and AFAs had a statistically significant effect on 
the intra-session reproducibility of the mean magnitude of movement of rest to 
natural and rest to maximal smile (p = 0.0290).   
In contrast, Eidson et al. (2012) found the intra-session reproducibility of 3D images 
of the poses ‘lips sealed before’ and ‘repose before’ over 6 lower face landmarks to 
be highly reproducible.  The study by Abed et al. (2009) also found the mean intra-
session reproducibility of their 2D profile photographs to be statistically 
insignificant.  Both these studies, however, considered only the reproducibility of a 
static expression whereas the current study evaluated movement from rest position 
to natural and maximal smile.  
 
 
6.7 IMMEDIATE PERCEPTION IN YOUNG ADULTS OF CAs 
AND AFAs 
 
Few previous studies which assessed the perception of orthodontic appliances have 
specifically used subjects that have worn the appliance (Fritz et al., 2002; Pacheco-
Pereira et al., 2018).  Furthermore, some studies evaluated individual appliances 
only; Fritz et al. (2002) examined lingual appliances and Pacheco-Pereira et al. 
(2018) included only those with Invisalign®.  In the current study, both CAs and 
AFAs were evaluated after the appliances were worn.  Two studies concerned with 
the perception of orthodontic appliances used questionnaire surveys based on a 
photograph of a subject wearing different appliances (Ziuchkovski et al., 2008; Feu 
et al., 2012) and the remainder used digitally altered photographs to depict the 
different appliance types (Walton et al., 2010; Jeremiah et al., 2010; Fonseca et al., 
2014).  In the present study, 76 percent of subjects preferred CAs.  This finding is 
consistent with studies by Ziuchkovski et al. (2008), Feu et al. (2012) and Jeremiah 
et al. (2010). 
 
One study investigated patient comfort related to Invisalign® and showed an overall 




Shalish et al. (2012), found levels of oral symptoms were significantly lower with 
Invisalign® compared to buccal fixed appliances.  The current study found that 82 
percent of respondents indicated that CAs were comfortable or very comfortable 
and only 48 percent denoted the same about AFAs.  No other study has assessed 
patient perception of comfort relating to AFAs after fitting.  While patient 
perception of comfort with non-aesthetic buccal fixed appliances has been evaluated 
(Scott et al., 2010, Shalish et al., 2012), no study has evaluated perception of comfort 
with AFAs.  
 
No previous study has reported on the perceived reasons for recommending 
orthodontic appliances.  In this study, 48 percent of subjects were ‘Likely’ and a 
further 42 percent were ‘Very Likely’ to recommend CAs to a friend, while only 18 
percent and 36 percent respectively reported likewise with AFAs.  This might imply 
that patients would have a greater willingness to have treatment with CAs than 
AFAs.  This is corroborated by 76 percent of subjects who advised that they were 
‘Likely’ or ‘Very Likely’ to wear CAs if undergoing orthodontic treatment 




6.8 STRENGTHS OF THE STUDY  
 
 
• This study was a prospective 3D study that investigated several new aspects 
in relation to CAs and AFAs 
• The study used in-vivo representation of CAs and AFAs, fabricated to 
standardised design, allowing accurate assessments of patient perception 
regarding the appliances 
• Male and female groups were of the same ethnicity, well matched for age, as 
well as standardised in terms of occlusal relationship and no previous 
orthodontic treatment. 
• Images were taken by a single trained 3D Imaging Assistant, ensuring 
standardisation of image capture, in a dedicated 3D imaging room with the 
equipment calibrated daily and shown previously to be accurate and 
reproducible 
• Defined facial expressions were assessed with standardised cues and time 
between sessions also standardised with CAs and AFAs allocated in a random 
order 
• The results could potentially be used for informed consent and treatment 
planning in orthodontic management of adults requiring treatment with CAs 
or AFAs 
 
6.9          SHORTCOMINGS OF THE STUDY 
 
• Selection criteria were based on the BSI classification of incisor relationship, 
overjet and overbite measurements.  No consideration was given to the 
underlying skeletal relationship of the volunteers   
• The immediate effects of CAs and AFAs were assessed.  There is potential 
that patient perception of the appliance would differ if the appliances were 
worn for a longer period of time 
• The CAs used in this study did not contain attachments; these are widely used 





6.10        SUGGESTIONS FOR FUTURE WORK 
 
This study investigated the immediate effects of CAs and AFAs on smiling and 
perceptions in young adults.  The findings presented here could be used for 
comparative purposes for future longer-term studies on the effect of these or other 




















To evaluate, in young adults, the immediate effect of clear aligners (CAs) and 
aesthetic fixed appliances (AFAs) on the magnitude of rest to natural and rest to 
maximal smile.  
CONCLUSION: 
Except for rest to natural smile with CAs, both appliances had an immediate and 
significant impact on the mean magnitude of movement for both expressions. 
AIM 2: 
To evaluate, in young adults, the immediate effect of CAs and AFAs on the intra-
session reproducibility of rest to natural and rest to maximal smile.  
CONCLUSION: 
CAs and AFAs had a significant immediate effect on intra-session reproducibility 
of rest to natural and rest to maximal smile. 
 
AIM 3: 
To evaluate, in young adults, the immediate perception for CAs and AFAs. 
CONCLUSION: 
Young adults’ immediate perception was preference for CAs as they were reckoned 




NULL HYPOTHESES  
 
NULL HYPOTHESIS 1: 
There is no difference in young adults between the immediate effect of CAs and 
AFAs on the magnitude of rest to natural and rest to maximal smile.  
This null hypothesis is rejected. 
 
NULL HYPOTHESIS 2: 
There is no difference in young adults between the immediate effect of CAs and 
AFAs on the intra-session reproducibility of rest to natural and rest to maximal 
smile. 
This null hypothesis is rejected. 
 
NULL HYPOTHESIS 3: 
There is no difference in young adults between the immediate perception of CAs 
and AFAs. 






























Abed, Y., Har-Zion, G., Redlich, M. (2009) Lip posture following debonding of 
labial appliances based on conventional profile photographs. The Angle 
Orthodontist, 79, 235-239. 
Abizadeh, N., Moles, D. R., O’Neill, J., Noar, J. H. (2012) Digital versus plaster 
study models: how accurate and reproducible are they? Journal of Orthodontics, 
39, 151-159. 
Agnini, A., Agnini, A. Coachman, C. (2015) Digital dental revolution: the learning 
curve, Quintessence Pub. Co. 
Ahn, H.W., Chang, Y.J., Kim, K.A., Joo, S.H., Park, Y.G. Park, K. H. (2014) 
Measurement of three-dimensional perioral soft tissue changes in dentoalveolar 
protrusion patients after orthodontic treatment using a structured light scanner. The 
Angle Orthodontist, 84, 795-802. 
Alagha, M. A., Ju, X., Morley, S. Ayoub, A. (2018) Reproducibility of the dynamics 
of facial expressions in unilateral facial palsy. International Journal of Oral and 
Maxillofacial Surgery, 47, 268-275. 
AlignTechnology, Inc (2002) The Invisalign Reference Guide. Santa Clara, Calif 
USA. 
Almukhtar, A., Khambay, B., Ju, X., McDonald, J., Ayoub, A. (2017) Accuracy of 
generic mesh conformation: The future of facial morphological analysis. Journal of 
Plastic, Reconstructive and Aesthetic Surgery, 14, 39-48. 
Almukhtar, A. M. Y. (2016) Three-dimensional study to quantify the relationship 
between facial hard and soft tissue movement as a result of orthognathic surgery. 
University of Glasgow. 
Anderson, K. M., Behrents, R. G., McKinney, T., Buschang, P. H. (2005) Tooth 
shape preferences in an esthetic smile. American Journal of Orthodontics and 




Andiappan, M., Gao, W., Bernabé, E., Kandala, N.B. Donaldson, A. N. (2014) 
Malocclusion, orthodontic treatment and the Oral Health Impact Profile (OHIP-14): 
Systematic review and meta-analysis. The Angle Orthodontist, 85, 493-500. 
Andrade, L. M., Da Silva, A. M. B. R., Magri, L. V. Da Silva, M. A. M. R. (2017) 
Repeatability Study of Angular and Linear Measurements on Facial Morphology 
Analysis by Means of Stereophotogrammetry. Journal of Craniofacial Surgery, 28, 
1107-1111. 
Andrews, L. F. (1972) The six keys to normal occlusion. American Journal of 
Orthodontics and Dentofacial Orthopedics, 62, 296-309. 
Angolkar, P. V., Kapila, S., Duncanson, M. G. Nanda, R. S. (1990) Evaluation of 
friction between ceramic brackets and orthodontic wires of four alloys. American 
Journal of Orthodontics and Dentofacial Orthopedics, 98, 499-506. 
Ata-Ali, F., Ata-Ali, J., Ferrer-Molina, M., Cobo, T., De Carlos, F. Cobo, J. (2016) 
Adverse effects of lingual and buccal orthodontic techniques: A systematic review 
and meta-analysis. American Journal of Orthodontics and Dentofacial 
Orthopedics, 149, 820-829. 
Ayoub, A. F., Siebert, P., Moos, K. F., Wray, D., Urquhart, C. Niblett, T. B. (1998) 
A vision-based three-dimensional capture system for maxillofacial assessment and 
surgical planning. British Journal of Oral and Maxillofacial Surgery, 36, 353-357. 
Ayoub, D. A., Garrahy, D. A., Hood, D. C., White, D. J., Bock, D. M., Siebert, D. 
J. P., Spencer, M. R. Ray, M. A. (2003) Validation of a Vision-Based, Three-
Dimensional Facial Imaging System. The Cleft Palate-Craniofacial Journal, 40, 
523-529. 
B.O.S. (2007) British Orthodontic Society; Survey. 
Baldwin, D. K., King, G., Ramsay, D. S., Huang, G. Bollen, A.M. (2008) Activation 
time and material stiffness of sequential removable orthodontic appliances. Part 3: 
premolar extraction patients. American Journal of Orthodontics and Dentofacial 




Baysal, A., Sahan, A. O., Ozturk, M. A. Uysal, T. (2016) Reproducibility and 
reliability of three-dimensional soft tissue landmark identification using three-
dimensional stereophotogrammetry. The Angle Orthodontist, 86, 1004-1009. 
Bell, A., Ayoub, A. F. Siebert, P. (2003) Assessment of the accuracy of a three-
dimensional imaging system for archiving dental study models. Journal of 
Orthodontics, 30, 219-223. 
Benington, P. C., Khambay, B. S. Ayoub, A. F. (2010) An overview of three-
dimensional imaging in dentistry. Dental Update, 37, 494-508. 
Boeddinghaus, M., Breloer, E. S., Rehmann, P. Wöstmann, B. (2015) Accuracy of 
single-tooth restorations based on intraoral digital and conventional impressions in 
patients. Clinical Oral Investigations, 19, 2027-2034. 
Bowman, S., Celenza, F., Sparaga, J., Papadopoulos, M., Ojima, K. Lin, J. (2015) 
Creative adjuncts for clear aligners, part 1: Class II treatment. Journal of Clinical 
Orthodontics, 49, 83-94.  
Bowman, S. J. (2017) Improving the predictability of clear aligners. Seminars in 
Orthodontics, 23, 65-75. 
Boyd, R. L. (2008) Esthetic orthodontic treatment using the Invisalign appliance 
for moderate to complex malocclusions. Journal of Dental Education, 72, 948-967. 
Boyd, R. L., Oh, H., Fallah, M. Vlaskalic, V. (2006) An update on present and 
future considerations of aligners. Journal of the California Dental Association, 34, 
793-805. 
Boyd, S. A., Sandy, J .R., and Ireland, A. J. (2011) Aesthetic labial appliances - an 
update. Orthodontic Update, 4, 70-77. 
Breece, G. Nieberg, L. (1986) Motivations for adult orthodontic treatment. Journal 
of Clinical Orthodontics, 20, 166-171. 
B.O.S. (2007) British Orthodontic Society; Survey. 
 
British Standards Institute (1983) British Standards Glossary of Dental Terms. 




Bukhary, S., Gill, D., Tredwin, C. Moles, D. (2007) The influence of varying 
maxillary lateral incisor dimensions on perceived smile aesthetics. British Dental 
Journal, 203, 687-693. 
Bush, K.Antonyshyn, O. (1996) Three-dimensional facial anthropometry using a 
laser surface scanner: validation of the technique. Plastic and Reconstructive 
Surgery, 98, 226-235. 
 
Buschang, P. H., Shaw, S. G., Ross, M., Crosby, D. Campbell, P. M. (2014) 
Comparative time efficiency of aligner therapy and conventional edgewise braces. 
The Angle Orthodontist, 84, 391-396. 
Buttke, T. M., Proffit, W. R. (1999) Referring adult patients for orthodontic 
treatment. The Journal of the American Dental Association, 130, 73-79. 
Buzzitta, V. J., Hallgren, S. E. Powers, J. M. (1982) Bond strength of orthodontic 
direct-bonding cement-bracket systems as studied in vitro. American Journal of 
Orthodontics, 81, 87-92. 
Cacciafesta, V., Sfondrini, M. F., Scribante, A., Klersy, C. Auricchio, F. (2003) 
Evaluation of friction of conventional and metal-insert ceramic brackets in various 
bracket-archwire combinations. American Journal of Orthodontics and Dentofacial 
Orthopedics, 124, 403-409. 
Calamia, J. R., Wolff, M. S. (2015) The components of smile design: New York 
University smile evaluation form revisited, update 2015. Dental Clinics, 59, 529-
546. 
Câmara, C. A. (2010) Estética em Ortodontiaand58; seis linhas horizontais do 
sorriso Esthetics in Orthodonticsand58; six horizontal smile lines. Dental Press 
Journal of Orthodontics, 15, 118-131. 
Camardella, L. T., De Vasconcellos Vilella, O. Breuning, H. (2017) Accuracy of 
printed dental models made with 2 prototype technologies and different designs of 





Campbell, C. M., Millett, D. T., O'Callaghan, A., Marsh, A., McIntyre, G. T., 
Cronin, M. (2012) The effect of increased overjet on the magnitude and 
reproducibility of smiling in adult females. European Journal of Orthodontics, 34, 
640-645. 
Cao, L., Zhang, K., Bai, D., Jing, Y., Tian, Y.Guo, Y. (2011) Effect of maxillary incisor 
labiolingual inclination and anteroposterior position on smiling profile esthetics. The 
Angle Orthodontist, 81, 121-129. 
Canstein, C., Cachot, P., Faust, A., Stalder, A., Bock, J., Frydrychowicz, A., Küffer, 
J., Hennig, J. Markl, M. (2008) 3D MR flow analysis in realistic rapid-prototyping 
model systems of the thoracic aorta: comparison with in vivo data and 
computational fluid dynamics in identical vessel geometries. Magnetic Resonance 
in Medicine, 59, 535-546. 
Catherwood, T., McCaughan, E., Greer, E., Spence, R., McIntosh, S. Winder, R. 
(2011) Validation of a passive stereophotogrammetry system for imaging of the 
breast: a geometric analysis. Medical Engineering and Physics, 33, 900-905. 
Cedro, M. K., Moles, D. R. Hodges, S. J. (2010) Adult orthodontics—who’s doing 
what? Journal of Orthodontics, 37, 107-117. 
Ceinos, R., Lupi, L., Tellier, A. Bertrand, M. (2017) Three-dimensional 
stereophotogrammetric analysis of 50 smiles: A study of dento-facial proportions. 
Journal of Esthetic and Restorative Dentistry, 29, 416-423. 
Chae, M. P., Rozen, W. M., McMenamin, P. G., Findlay, M. W., Spychal, R. T. 
Hunter-Smith, D. J. (2015) Emerging applications of bedside 3D printing in plastic 
surgery. Frontiers in Surgery, 2, 1-13. 
Chia, H. N. Wu, B. M. (2015) Recent advances in 3D printing of biomaterials. 
Journal of Biological Engineering, 9, 1-14 
Choi, S. H., Kim, B. I., Cha, J. Y. Hwang, C. J. (2015) Impact of malocclusion and 
common oral diseases on oral health–related quality of life in young adults. 




Christensen, G. J. (2008) Will digital impressions eliminate the current problems 
with conventional impressions. The Journal of the American Dental Association, 
139, 761-763. 
Christensen, L. Luther, F. (2015) Adults seeking orthodontic treatment: 
expectations, periodontal and TMD issues. British Dental Journal, 218, 111-117. 
Clark Weeden, J., Trotman, C.A. Faraway, J. J. (2001) Three-dimensional analysis 
of facial movement in normal adults: influence of sex and facial shape. The Angle 
Orthodontist, 71, 132-140. 
Darby, L. J., Millett, D. T., Kelly, N., McIntyre, G. T. Cronin, M. S. (2015) The 
effect of smiling on facial asymmetry in adults: a 3D evaluation. Australian 
Orthodontic Journal, 31, 132-137. 
Desai, S., Upadhyay, M., Nanda, R. (2009) Dynamic smile analysis: changes with 
age. American Journal of Orthodontics and Dentofacial Orthopedics, 136, 310-
311. 
Dibeklioğlu, H., Alnajar, F., Salah, A. A. Gevers, T. (2015) Combining facial 
dynamics with appearance for age estimation. IEEE Transactions on Image 
Processing, 24, 1928-1943. 
Dindaroğlu, F., Kutlu, P., Duran, G. S., Görgülü, S. Aslan, E. (2016) Accuracy and 
reliability of 3D stereophotogrammetry: a comparison to direct anthropometry and 
2D photogrammetry. The Angle Orthodontist, 86, 487-494. 
Djeu, G., Shelton, C. Maganzini, A. (2005) Outcome assessment of Invisalign and 
traditional orthodontic treatment compared with the American Board of 
Orthodontics objective grading system. American Journal of Orthodontics and 
Dentofacial Orthopedics, 128, 292-298. 
Dong, J.K., Jin, T.H., Cho, H.W. Oh, S.C. (1999) The esthetics of the smile: a 
review of some recent studies. International Journal of Prosthodontics, 12, 9-19. 
Dos Santos, P. R., Meneghim, M. D. C., Ambrosano, G. M. B., Filho, M. V. 
Vedovello, S. A. S. (2017) Influence of quality of life, self-perception and self-
esteem on orthodontic treatment need. American Journal of Orthodontics and 




Douglas, T. S. (2004) Image processing for craniofacial landmark identification and 
measurement: a review of photogrammetry and cephalometry. Computerized 
Medical Imaging and Graphics, 28, 401-409. 
Duchenne De Bologne, G. (1862) The mechanism of human facial expression (RA 
Cuthbertson, Trans.) Paris: Jules Renard. 
Duran, G. S., Dindaroğlu, F.Görgülü, S. (2017) Three-dimensional evaluation of social smile 
symmetry. The Angle Orthodontist, 87, 96-103. 
 
Eidson, L., Cevidanes, L. H., De Paula, L. K., Hershey, H. G., Welch, G. Rossouw, 
P. E. (2012) Three-dimensional evaluation of changes in lip position from before to 
after orthodontic appliance removal. American Journal of Orthodontics and 
Dentofacial Orthopedics, 142, 410-418. 
Farkas L. G., (1994) Anthropometry of the head and face (2nd ed) Raven Press.  
New York. 
 
Ferrario, S., Serrao (2000) A three-dimensional quantitative analysis of lips in 
normal young adults. The Cleft Palate-Craniofacial Journal, 37, 48-54.  
Feu, D., Catharino, F., Duplat, C. B. Capelli Junior, J. (2012) Esthetic perception 
and economic value of orthodontic appliances by lay Brazilian adults. Dental Press 
Journal of Orthodontics, 17, 102-114. 
Flores-Mir, C., Silva, E., Barriga, M., Lagravere, M. Major, P. (2004) Lay person’s 
perception of smile aesthetics in dental and facial views. Journal of Orthodontics, 
31, 204-209. 
Flügge, T. V., Schlager, S., Nelson, K., Nahles, S. Metzger, M. C. (2013) Precision 
of intraoral digital dental impressions with iTero and extraoral digitization with the 
iTero and a model scanner. American Journal of Orthodontics and Dentofacial 
Orthopedics, 144, 471-478. 
Fonseca, L. M., Araújo, T. M. D., Santos, A. R. Faber, J. (2014) Impact of metal 
and ceramic fixed orthodontic appliances on judgments of beauty and other face-





Fritz, U., Diedrich, P. Wiechmann, D. (2002) Lingual Technique-Patients' 
Characteristics, Motivation and Accpetance. Journal of Orofacial 
Orthopedics/Fortschritte der Kieferorthopädie, 63, 227-233. 
Frush, J. P. Fisher, R. D. (1958) The dynesthetic interpretation of the dentogenic 
concept. Journal of Prosthetic Dentistry, 8, 558-581. 
Fujiyama, K., Honjo, T., Suzuki, M., Matsuoka, S. Deguchi, T. (2014) Analysis of 
pain level in cases treated with Invisalign aligner: comparison with fixed edgewise 
appliance therapy. Progress in Orthodontics, 15, 64. 
Gautam, P., Valiathan, A. (2007) Ceramic brackets: in search of an ideal. Trends 
Biomater Artif Organs, 20, 122-126. 
Ghafari, J. (1992) Problems associated with ceramic brackets suggest limiting use 
to selected teeth. The Angle Orthodontist, 62, 145-152. 
Ghoddousi, H., Edler, R., Haers, P., Wertheim, D. Greenhill, D. (2007) Comparison 
of three methods of facial measurement. International Journal of Oral and 
Maxillofacial Surgery, 36, 250-258. 
Gibelli, D., Codari, M., Pucciarelli, V., Dolci, C. Sforza, C. (2017) A Quantitative 
Assessment of Lip Movements in Different Facial Expressions Through 3-
Dimensional on 3-Dimensional Superimposition: A Cross-Sectional Study. Journal 
of Oral and Maxillofacial Surgery, 76, 1532-1538. 
Girard, J. M., Cohn, J. F. De La Torre, F. (2015) Estimating smile intensity: A better 
way. Pattern Recognition Letters, 66, 13-21. 
Glassick, A., Gluck, A., Kotteman, W. Messersmith, M. (2017) Aligner Corner. 
Journal of Clinical Orthodontics, 51, 233-239. 
Goldstein, M. C. (1953) Adult orthodontics. American Journal of Orthodontics, 39, 
400-424. 
Goodkind, R. J. Schwabacher, W. B. (1987) Use of a fiber-optic colorimeter for in 





Gruebler, A. Suzuki, K. (2010) Measurement of distal EMG signals using a 
wearable device for reading facial expressions.  Engineering in Medicine and 
Biology Society (EMBC), Annual International Conference of the IEEE, 2010. 
IEEE, 4594-4597.  
Gu, J., Tang, J. S., Skulski, B., Fields, H. W., Beck, F. M., Firestone, A. R., Kim, 
D.G. Deguchi, T. (2017) Evaluation of Invisalign treatment effectiveness and 
efficiency compared with conventional fixed appliances using the Peer Assessment 
Rating index. American Journal of Orthodontics and Dentofacial Orthopedics, 151, 
259-266. 
Gwilliam, J. R., Cunningham, S. J. Hutton, T. (2006) Reproducibility of soft tissue 
landmarks on three-dimensional facial scans. The European Journal of 
Orthodontics, 28, 408-415. 
Hajeer, M., Ayoub, A. F., Millett D. T., Bock, M., Siebert, J. P., (2002) Three-
dimensional imaging in orthognathic surgery: the clinical application of a new 
method. International Journal of Adult Orthodontics and Orthognathic Surgery 17, 
318-330. 
Hajeer, M., Millett, D., Ayoub, A. Siebert, J. (2004) Current Products and Practices: 
Applications of 3D imaging in orthodontics: Part I. Journal of Orthodontics, 31, 
62-70. 
Hallac, R. R., Feng, J., Kane, A. A. Seaward, J. R. (2017) Dynamic facial 
asymmetry in patients with repaired cleft lip using 4D imaging (video 
stereophotogrammetry). Journal of Cranio-Maxillofacial Surgery, 45, 8-12. 
Hardwick, L. J., Sayers, M. S. Newton, J. T. (2017) Patient’s expectations of lingual 
orthodontic treatment: a qualitative study. Journal of Orthodontics, 44, 21-27. 
Hechler, S. L. (2008) Cone-beam CT: applications in orthodontics. Dental Clinics, 
52, 809-823. 
Hennessy, J. Al-Awadhi, E. A. (2016) Clear aligners generations and orthodontic 




Hennessy, J., Garvey, T. Al-Awadhi, E. A. (2016) A randomized clinical trial 
comparing mandibular incisor proclination produced by fixed labial appliances and 
clear aligners. The Angle Orthodontist, 86, 706-712. 
Hoevenaren, I. A., Maal, T. J., Krikken, E., De Haan, A., Bergé, S. Ulrich, D. (2015) 
Development of a three-dimensional hand model using 3D stereophotogrammetry: 
evaluation of landmark reproducibility. Journal of Plastic, Reconstructive and 
Aesthetic Surgery, 68, 709-716. 
Holberg, C., Maier, C., Steinhäuser, S. Rudzki-Janson, I. (2006) Inter-individual 
variability of the facial morphology during conscious smiling. Journal of Orofacial 
Orthopedics/Fortschritte der Kieferorthopädie, 67, 234-243. 
Hong, C., Choi, K., Kachroo, Y., Kwon, T., Nguyen, A., McComb, R. Moon, W. 
(2017) Evaluation of the 3dMDface system as a tool for soft tissue analysis. 
Orthodontics and Craniofacial Research, 20, 119-124. 
Hontanilla, B., Aubá, C. (2008) Automatic three-dimensional quantitative analysis 
for evaluation of facial movement. Journal of Plastic, Reconstructive and Aesthetic 
Surgery, 61, 18-30. 
Houstis, O. Kiliaridis, S. (2009) Gender and age differences in facial expressions. 
European Journal of Orthodontics, 31, 459-466. 
Hulsey, C. M. (1970) An esthetic evaluation of lip-teeth relationships present in the 
smile. American Journal of Orthodontics, 57, 132-144. 
Husain, A., Makhija, P. G., Ummer, A. A., Kuijpers-Jagtman, A. M. Kuijpers, M. 
A. (2017) Three-camera setup to record simultaneously standardized high-
definition video for smile analysis. American Journal of Orthodontics and 
Dentofacial Orthopedics, 152, 711-716. 
Iijima, M., Zinelis, S., Papageorgiou, S., Brantley, W. Eliades, T. (2017) 
Orthodontic brackets. Orthodontic Applications of Biomaterials. Elsevier. 75-96 
Ireland, A., McNamara, C., Clover, M., House, K., Wenger, N., Barbour, M., 
Alemzadeh, K., Zhang, L., Sandy, J. (2008) 3D surface imaging in dentistry–what 




Jena, A. K., Duggal, R. Mehrotra, A. (2007) Physical properties and clinical 
characteristics of ceramic brackets: a comprehensive review. Trends Biomater Artif 
Organs, 20, 101-115. 
Jeremiah, H., Bister, D. Newton, J. (2010) Social perceptions of adults wearing 
orthodontic appliances: a cross-sectional study. The European Journal of 
Orthodontics, 33, 476-482. 
Jeremiah, H. G., Bister, D. Newton, J. T. (2011) Social perceptions of adults 
wearing orthodontic appliances: a cross-sectional study. European Journal of 
Orthodontics, 33, 476-482. 
Jiang, T., Lee, S. M., Hou, Y., Chang, X. Hwang, H. S. (2016) Evaluation of digital 
dental models obtained from dental cone-beam computed tomography scan of 
alginate impressions. The Korean Journal of Orthodontics, 46, 129-136. 
Joda, T. Brägger, U. (2015) Time-Efficiency Analysis Comparing Digital and 
Conventional Workflows for Implant Crowns: A Prospective Clinical Crossover 
Trial. International Journal of Oral and Maxillofacial Implants, 30. 1047-1053. 
Joda, T., Lenherr, P., Dedem, P., Kovaltschuk, I., Bragger, U. Zitzmann, N. U. 
(2017) Time efficiency, difficulty and operator's preference comparing digital and 
conventional implant impressions: a randomized controlled trial. Clinical Oral 
Implants Research, 28, 1318-1323. 
Johal, A. Joury, E. (2015) What factors predict the uptake of orthodontic treatment 
among adults? American Journal of Orthodontics and Dentofacial Orthopedics, 
147, 704-710. 
Johnson, G., Walker, M. P. Kula, K. (2005) Fracture strength of ceramic bracket tie 
wings subjected to tension. The Angle Orthodontist, 75, 95-100. 
Johnston, D. D., Millett, D. D., Ayoub, D. A. Bock, D. M. (2003) Are Facial 
Expressions Reproducible? The Cleft Palate-Craniofacial Journal, 40, 291-296. 
Ju, X., O'Leary, E., Peng, M., Al-Anezi, T., Ayoub, A., Khambay, B. (2016) 
Evaluation of the ReproducibOility of nonverbal facial expressions using a 3D 




Kallidass, P., Srinivas, S., Charles, A., Davis, D. Charravarthi, N. S. (2017) Smile 
characteristics in orthodontics: A concept review. International Journal of 
Orofacial Research, 2, 1-4. 
Kasparova, M., Grafova, L., Dvorak, P., Dostalova, T., Prochazka, A., Eliasova, H., 
Prusa, J. Kakawand, S. (2013) Possibility of reconstruction of dental plaster cast 
from 3D digital study models. Biomedical Engineering Online, 12-49.  
Kathariya, R. (2017) Cover story: Three-dimensional HD intraoral scanner–
simplifying dentistry. Journal of the International Clinical Dental Research 
Organization, 9, 2-2. 
Kau, C. H., Richmond, S., Incrapera, A., English, J. Xia, J. J. (2007) Three-
dimensional surface acquisition systems for the study of facial morphology and 
their application to maxillofacial surgery. The International Journal of Medical 
Robotics and Computer Assisted Surgery, 3, 97-110. 
Kau, C. H., Zhurov, A., Bibb, R., Hunter, L. Richmond, S. (2005) The investigation 
of the changing facial appearance of identical twins employing a three-dimensional 
laser imaging system. Orthodontics and Craniofacial Research, 8, 85-90. 
Kaya, B. Uyar, R. (2013) Influence on smile attractiveness of the smile arc in 
conjunction with gingival display. American Journal of Orthodontics and 
Dentofacial Orthopedics, 144, 541-547. 
Kaya, B. Uyar, R. (2016) The impact of occlusal plane cant along with gingival 
display on smile attractiveness. Orthodontics and Craniofacial Research, 19, 93-
101. 
Keim, R. G., Gottlieb, E. L., Nelson, A. H. Vogels, D. S., 3rd (2007) JCO 
Orthodontic Practice Study. Part 1: Trends. Journal of Clinical Orthodontics, 41, 
617-626. 
Keim, R. G., Gottlieb, E. L., Nelson, A. H. Vogels, D. S., 3rd (2008) JCO study of 
orthodontic diagnosis and treatment procedures, part 1: results and trends. Journal 




Keim, R. G., Gottlieb, E. L., Vogels, D. S., 3rd Vogels, P. B. (2014) JCO study of 
orthodontic diagnosis and treatment procedures, Part 1: results and trends. Journal 
of Clinical Orthodontics, 48, 607-630. 
Kesling, H. D. (1945) The philosophy of the tooth positioning appliance. American 
Journal of Orthodontics and Dentofacial Orthopedics, 31, 297-304. 
Keyhan, S. O., Ghanean, S., Navabazam, A., Khojasteh, A. Iranaq, M. H. A. (2016) 
Three-Dimensional Printing: A Novel Technology for Use in Oral and 
Maxillofacial Operations. A Textbook of Advanced Oral and Maxillofacial Surgery 
Volume 3. InTech.  
Khambay, B., Nebel, J.C., Bowman, J., Ayoub, A., Walker, F. Hadley, D. (2002) 
A pilot study: 3D stereo photogrammetric image superimposition on to 3D CT scan 
images–the future of orthognathic surgery. International Journal of Adult 
Orthodontics and Orthognathic Surgery, 17, 331-341. 
Khan, R., Horrocks, E. (1991) A study of adult orthodontic patients and their 
treatment. British Journal of Orthodontics, 18, 183-194. 
Kingsley, N. W. (1880) Oral Deformities. New York: D. Appleton and Company. 
Koidou, V. P., Rosenstiel, S. F. Rashid, R. G. (2017) Celebrity smile esthetics 
assessment: Smile angulation. The Journal of Prosthetic Dentistry, 117, 636-641. 
Kokich, V. O., Asuman Kiyak, H. Shapiro, P. A. (1999) Comparing the perception 
of dentists and lay people to altered dental esthetics. Journal of Esthetic and 
Restorative Dentistry, 11, 311-324. 
Kokich, V. O., Kokich, V. G. Kiyak, H. A. (2006) Perceptions of dental 
professionals and laypersons to altered dental esthetics: asymmetric and symmetric 
situations. American Journal of Orthodontics and Dentofacial Orthopedics, 130, 
141-151. 
Kravitz, N. D., Groth, C., Jones, P. E., Graham, J. W. Redmond, W. R. (2014) 




Kravitz, N. D., Kusnoto, B., Agran, B. Viana, G. (2008) Influence of attachments 
and interproximal reduction on the accuracy of canine rotation with Invisalign: a 
prospective clinical study. The Angle Orthodontist, 78, 682-687. 
Kravitz, N. D., Kusnoto, B., Begole, E., Obrez, A. Agran, B. (2009) How well does 
Invisalign work? A prospective clinical study evaluating the efficacy of tooth 
movement with Invisalign. American Journal of Orthodontics and Dentofacial 
Orthopedics, 135, 27-35. 
Krieger, E., Seiferth, J., Marinello, I., Jung, B. A., Wriedt, S., Jacobs, C. Wehrbein, 
H. (2012) Invisalign® treatment in the anterior region. Journal of Orofacial 
Orthopedics/Fortschritte der Kieferorthopädie, 73, 365-376. 
Krieger, E., Seiferth, J., Saric, I., Jung, B. A. Wehrbein, H. (2011) Accuracy of 
invisalign® treatments in the anterior tooth region. Journal of Orofacial 
Orthopedics/Fortschritte der Kieferorthopädie, 72, 141-149. 
Krishnan, V., Daniel, S. T., Lazar, D. Asok, A. (2008) Characterization of posed 
smile by using visual analog scale, smile arc, buccal corridor measures and 
modified smile index. American Journal of Orthodontics and Dentofacial 
Orthopedics, 133, 515-523. 
Kuncio, D., Maganzini, A., Shelton, C. Freeman, K. (2007) Invisalign and 
traditional orthodontic treatment postretention outcomes compared using the 
American Board of Orthodontics objective grading system. The Angle Orthodontist, 
77, 864-869. 
Kuo, E., Miller, R. J. (2003) Automated custom-manufacturing technology in 
orthodontics. American Journal of Orthodontics and Dentofacial Orthopedics, 123, 
578-581. 
Lagravere, M. O. Flores-Mir, C. (2005) The treatment effects of Invisalign 
orthodontic aligners: a systematic review. The Journal of the American Dental 
Association, 136, 1724-1729. 
Leung, M. Y., Lo, J. Leung, Y. Y. (2016) Accuracy of Different Modalities to 
Record Natural Head Position in 3 Dimensions: A Systematic Review. Journal of 




Leuzinger, M., Dudic, A., Giannopoulou, C. Kiliaridis, S. (2010) Root-contact 
evaluation by panoramic radiography and cone-beam computed tomography of 
super-high resolution. American Journal of Orthodontics and Dentofacial 
Orthopedics, 137, 389-392. 
Lew, K. K. (1993) Attitudes and perceptions of adults towards orthodontic 
treatment in an Asian community. Community Dentistry and Oral Epidemiology, 
21, 31-35. 
Liang, S., Wu, J., Weinberg, S. M. Shapiro, L. G. (2013) Improved detection of 
landmarks on 3d human face data.  Engineering in Medicine and Biology Society 
(EMBC), 35th Annual International Conference of the IEEE, 2013. IEEE, 6482-
6485.  
Lima, A. P., Paranhos, L. R. De Mello Rode, S. (2017) Facial pattern and typology 
influencing smile aesthetic pleasantness. Journal of Oral Research, 6, 170-171. 
Lin, F., Ren, M., Yao, L., He, Y., Guo, J. Ye, Q. (2016) Psychosocial impact of 
dental esthetics regulates motivation to seek orthodontic treatment. American 
Journal of Orthodontics and Dentofacial Orthopedics, 150, 476-482. 
Lin, Y., Lin, H., Lin, Q., Zhang, J., Zhu, P., Lu, Y., Zhao, Z., Lv, J., Lee, M. K. Xu, 
Y. (2016) A novel three-dimensional smile analysis based on dynamic evaluation 
of facial curve contour. Scientific Reports, 6, 22103. 
Logozzo, S., Zanetti, E. M., Franceschini, G., Kilpelä, A. Mäkynen, A. (2014) 
Recent advances in dental optics–Part I: 3D intraoral scanners for restorative 
dentistry. Optics and Lasers in Engineering, 54, 203-221. 
Lombardi, R. E. (1973) The principles of visual perception and their clinical 
application to denture esthetics. Journal of Prosthetic Dentistry, 29, 358-382. 
Lopes Filho, H., Maia, L. E., Araújo, M. V. A. Ruellas, A. C. O. (2012) Influence 
of optical properties of esthetic brackets (color, translucence and fluorescence) on 





Lu, X. Jain, A. K. (2006) Automatic feature extraction for multiview 3D face 
recognition.  Automatic Face and Gesture Recognition. FGR 2006. 7th International 
Conference on, 2006. IEEE, 585-590. 
Lübbers, H.T., Medinger, L., Kruse, A., Grätz, K. W. Matthews, F. (2010) Precision 
and accuracy of the 3dMD photogrammetric system in craniomaxillofacial 
application. Journal of Craniofacial Surgery, 21, 763-767. 
Lukez, A., Pavlic, A., Trinajstic Zrinski, M. Spalj, S. (2015) The unique 
contribution of elements of smile aesthetics to psychosocial well-being. Journal of 
Oral Rehabilitation, 42, 275-281. 
Machado, A. W. (2014) 10 commandments of smile esthetics. Dental Press Journal 
of Orthodontics, 19, 136-157. 
Macri, R. T., De Lima, F. A., Bachmann, L., Galo, R., Romano, F. L., Borsatto, M. 
C. Matsumoto, M. A. N. (2015) CO2 laser as auxiliary in the debonding of ceramic 
brackets. Lasers in Medical Science, 30, 1835-1841. 
Mahamood, S., Khader, M. A. Ali, H. (2016) Applications of 3-D printing in 
orthodontics: A Review. International Journal of Scientific Study, 3, 267-270. 
Malik, O. H., McMullin, A. Waring, D. T. (2013) Invisible orthodontics part 1: 
invisalign. Dental Update, 40, 203-215. 
Mangano, A., Beretta, M., Luongo, G., Mangano, C. Mangano, F. (2018) 
Conventional Vs Digital Impressions: Acceptability, Treatment Comfort and Stress 
Among Young Orthodontic Patients. The Open Dentistry Journal, 12. 118-124 
Mangano, F., Gandolfi, A., Luongo, G. Logozzo, S. (2017) Intraoral scanners in 
dentistry: a review of the current literature. BMC Oral Health, 17, 149. 
Marti, A., Harris, B., Metz, M., Morton, D., Scarfe, W., Metz, C. Lin, W. S. (2017) 
Comparison of digital scanning and polyvinyl siloxane impression techniques by 
dental students: instructional efficiency and attitudes towards technology. 
European Journal of Dental Education, 21, 200-205. 
Martin, C. B., Chalmers, E. V., McIntyre, G. T., Cochrane, H. Mossey, P. A. (2015) 




Mahshid, M., Khoshvaghti, A., Varshosaz, M.Vallaei, N. (2004) Evaluation of 
“golden proportion” in individuals with an esthetic smile. Journal of esthetic and 
Restorative Dentistry, 16, 185-192. 
 
Matsui, S., Umezaki, E., Komazawa, D., Otsuka, Y. Suda, N. (2015) Evaluation of 
mechanical properties of esthetic brackets. Journal of Dental Biomechanics, 6, 
1758736015574401.  
 
Maulik, C. Nanda, R. (2007) Dynamic smile analysis in young adults. American 
Journal of Orthodontics and Dentofacial Orthopedics, 132, 307-315. 
McGuinness, N. Collins, M. (2007) The orthodontic workforce in Ireland: a report 
by the Orthodontic Society of Ireland. Journal of the Irish Dental Association, 53, 
142-144. 
McMorrow, S. M. Millett, D. T. (2017) Adult orthodontics in the Republic of 
Ireland: specialist orthodontists’ opinions. Journal of Orthodontics, 44, 277-286. 
McNamara, L., McNamara, J. A., Ackerman, M. B. Baccetti, T. (2008) Hard-and 
soft-tissue contributions to the esthetics of the posed smile in growing patients 
seeking orthodontic treatment. American Journal of Orthodontics and Dentofacial 
Orthopedics, 133, 491-499. 
Miethke, R.R. Brauner, K. (2007) A comparison of the periodontal health of 
patients during treatment with the Invisalign® system and with fixed lingual 
appliances. Journal of Orofacial Orthopedics/Fortschritte der Kieferorthopädie, 
68, 223-231. 
Miethke, R.R. Vogt, S. (2005) A Comparison of the Periodontal Health of Patients 
during Treatment with the Invisalign® System and with Fixed Orthodontic 
Appliances. Journal of Orofacial Orthopedics / Fortschritte der Kieferorthopädie, 
66, 219-229. 
Miller, K. B., McGorray, S. P., Womack, R., Quintero, J. C., Perelmuter, M., 
Gibson, J., Dolan, T. A. Wheeler, T. T. (2007) A comparison of treatment impacts 




treatment. American Journal of Orthodontics and Dentofacial Orthopedics, 131, 
302. e1-302. e9. 
Miron, H., Calderon, S. Allon, D. (2012) Upper lip changes and gingival exposure 
on smiling: Vertical dimension analysis. American Journal of Orthodontics and 
Dentofacial Orthopedics, 141, 87-93. 
Mishima, K., Yamada, T., Matsumura, T. Moritani, N. (2011) Analysis of lip 
motion using principal component analyses. Journal of Cranio-Maxillo-Facial 
Surgery, 39, 232-236. 
Mohamed, O. A., Masood, S. H., Bhowmik, J. L. (2015) Optimization of fused 
deposition modeling process parameters: a review of current research and future 
prospects. Advances in Manufacturing, 3, 42-53. 
Mora, M. G., Serna, M. E. V. Ledesma, A. F. (2015) Perception of smile aesthetics 
by dental specialists and patients. Revista Mexicana de Ortodoncia, 3, e13-e21. 
Morley, J. (1999) The role of cosmetic dentistry in restoring a youthful appearance. 
The Journal of the American Dental Association, 130, 1166-1172. 
Morley, J. Eubank, J. (2001) Macroesthetic elements of smile design. The Journal 
of the American Dental Association, 132, 39-45. 
Moss, J. (1993) Orthodontics in Europe 1992. The European Journal of 
Orthodontics, 15, 393-401. 
Mota De Almeida, F. J., Huumonen, S., Molander, A., Öhman, A. Kvist, T. (2016) 
Computed tomography (CT) in the selection of treatment for root-filled maxillary 
molars with apical periodontitis. Dentomaxillofacial Radiology, 45, 20150391.  
Motohashi, N. Kuroda, T. (1999) A 3D computer-aided design system applied to 
diagnosis and treatment planning in orthodontics and orthognathic surgery. The 
European Journal of Orthodontics, 21, 263-274. 
Motoyoshi, M., Namura, S. Arai, H. Y. (1992) A three-dimensional measuring 
system for the human face using three-directional photography. American Journal 




Müller, A., Krishnan, K. G., Uhl, E. Mast, G. (2003) The application of rapid 
prototyping techniques in cranial reconstruction and preoperative planning in 
neurosurgery. Journal of Craniofacial Surgery, 14, 899-914. 
Murakami, Y., Deguchi Sr, T., Kageyama, T., Miyazawa, H. Foong, K. W. (2008) 
Assessment of the esthetic smile in young Japanese women. Orthodontic Waves, 
67, 104-112. 
Nedwed, V. Miethke, R.R. (2005) Motivation, acceptance and problems of 
Invisalign® patients. Journal of Orofacial Orthopedics/Fortschritte der 
Kieferorthopädie, 66, 162-173. 
Nicholls, M. E., Ellis, B. E., Clement, J. G., Yoshino, M. (2004) Detecting 
hemifacial asymmetries in emotional expression with three-dimensional 
computerized image analysis. Proceedings of the Royal Society B: Biological 
Sciences, 271, 663-668.  
Ning, F., Cong, W., Qiu, J., Wei, J., Wang, S. (2015) Additive manufacturing of 
carbon fiber reinforced thermoplastic composites using fused deposition modeling. 
Composites Part B: Engineering, 80, 369-378. 
Nishio, C., De Moraes Mendes, A., De Oliveira Almeida, M. A., Tanaka, E., Tanne, 
K. Elias, C. N. (2009) Evaluation of esthetic brackets' resistance to torsional forces 
from the archwire. American Journal of Orthodontics and Dentofacial Orthopedics, 
135, 42-48. 
Okada, E. (2001) Three-dimensional facial simulations and measurements: changes 
of facial contour and units associated with facial expression. Journal of 
Craniofacial Surgery, 12, 167-174. 
Othman, S. A., Ahmad, R., Merican, A. F. Jamaludin, M. (2013) Reproducibility 
of facial soft tissue landmarks on facial images captured on a 3D camera. Australian 
Orthodontic Journal, 29, 58-65.  
Pabari, S., Moles, D. R. Cunningham, S. J. (2011) Assessment of motivation and 
psychological characteristics of adult orthodontic patients. American Journal of 




Pacheco-Pereira, C., Brandelli, J. Flores-Mir, C. (2018) Patient satisfaction and 
quality of life changes after Invisalign treatment. American Journal of Orthodontics 
and Dentofacial Orthopedics, 153, 834-841. 
Papadopoulos, M. A., Christou, P. K., Christou, P. K., Athanasiou, A. E., Boettcher, 
P., Zeilhofer, H. F., Sader, R. Papadopulos, N. A. (2002) Three-dimensional 
craniofacial reconstruction imaging. Oral Surgery, Oral Medicine, Oral Pathology, 
Oral Radiology and Endodontics, 93, 382-393. 
Park, J. M. (2016) Comparative analysis on reproducibility among 5 intraoral 
scanners: sectional analysis according to restoration type and preparation outline 
form. The Journal of Advanced Prosthodontics, 8, 354-362. 
Parrini, S., Rossini, G., Castroflorio, T., Fortini, A., Deregibus, A., Debernardi, C. 
(2016) Laypeople's perceptions of frontal smile esthetics: A systematic review. 
American Journal of Orthodontics and Dentofacial Orthopedics, 150, 740-750. 
Patterns, I. S. (1999) The classification of smile patterns. J Can Dent Assoc, 65, 
252-254. 
 
Patzelt, S. B., Emmanouilidi, A., Stampf, S., Strub, J. R. Att, W. (2014) Accuracy 
of full-arch scans using intraoral scanners. Clinical Oral Investigations, 18, 1687-
1694. 
Pavoni, C., Lione, R., Laganà, G. Cozza, P. (2011) Self-ligating versus Invisalign: 
analysis of dento-alveolar effects. Annali di Stomatologia, 2, 23-27.  
Perakis, P., Passalis, G., Theoharis, T. Kakadiaris, I. (2010) 3d facial landark 
detection and face registration. Tech. Rep., University of Athens.  
Pinho, S., Ciriaco, C., Faber, J. Lenza, M. A. (2007) Impact of dental asymmetries 
on the perception of smile esthetics. American Journal of Orthodontics and 
Dentofacial Orthopedics, 132, 748-753. 
Ponitz, R. J. (1971) Invisible retainers. American Journal of Orthodontics, 59, 266-
272. 
Popat, H., Henley, E., Richmond, S., Benedikt, L., Marshall, D.Rosin, P. L. (2010) 




three-dimensional motion analysis. Otolaryngology—Head and Neck Surgery, 142, 
867-872. 
Popat, H., Richmond, S., Benedikt, L., Marshall, D. Rosin, P. L. (2009) 
Quantitative analysis of facial movement—A review of three-dimensional imaging 
techniques. Computerized Medical Imaging and Graphics, 33, 377-383. 
Popat, H., Richmond, S., Playle, R., Marshall, D., Rosin, P. L. Cosker, D. (2008) 
Three-dimensional motion analysis–an exploratory study. Part 1: Assessment of 
facial movement. Orthodontics and Craniofacial Research, 11, 216-223. 
Proffit, W. R. (2007) Contemporary orthodontics / William R. Proffit, Henry W. 
Fields, Jr., David M. Sarver, Mosby Elsevier, 176. 
Quimby, M. L., Vig, K. W. L., Rashid, R. G. Firestone, A. R. (2004) The Accuracy 
and Reliability of Measurements Made on Computer-Based Digital Models. The 
Angle Orthodontist, 74, 298-303. 
Reuschl, R. P., Heuer, W., Stiesch, M., Wenzel, D. Dittmer, M. P. (2015) Reliability 
and validity of measurements on digital study models and plaster models. European 
Journal of Orthodontics, 38, 22-26. 
Rheude, B., Sadowsky, P. L., Ferriera, A. Jacobson, A. (2005) An Evaluation of the 
Use of Digital Study Models in Orthodontic Diagnosis and Treatment Planning. 
The Angle Orthodontist, 75, 300-304. 
Richert, R., Goujat, A., Venet, L., Viguie, G., Viennot, S., Robinson, P., Farges, J. 
C., Fages, M. Ducret, M. (2017) Intraoral Scanner Technologies: A Review to Make 
a Successful Impression. Journal of Healthcare Engineering, 8427595. 
Ritter, D. E., Gandini Jr, L. G., Pinto Ados, S., Ravelli, D. B. Locks, A. (2006) 
Analysis of the smile photograph. World Journal of Orthodontics, 7, 279-85. 
Robiony, M., Costa, F., Demitri, V. Polit, M. (1998) Simultaneous malaroplasty 
with porous polyethylene implants and orthognathic surgery for correction of malar 




Romero-Huertas, M. Pears, N. (2008) 3D facial landmark localisation by matching 
simple descriptors.  Biometrics: Theory, Applications and Systems. BTAS 2008. 
2nd IEEE International Conference on, 2008. IEEE, 1-6. 
Rossini, G., Parrini, S., Castroflorio, T., Deregibus, A. Debernardi, C. L. (2014) 
Efficacy of clear aligners in controlling orthodontic tooth movement: a systematic 
review. The Angle Orthodontist, 85, 881-889. 
Rosvall, M. D., Fields, H. W., Ziuchkovski, J., Rosenstiel, S. F. Johnston, W. M. 
(2009) Attractiveness, acceptability and value of orthodontic appliances. American 
Journal of Orthodontics and Dentofacial Orthopedics, 135, 276. e1-276. E12. 
Rubin, L. R., Rubin, L. R. (1974) The anatomy of a smile: its importance in the 
treatment of facial paralysis. Plastic and Reconstructive Surgery, 53, 384-387. 
Russell, J. S. (2005) Current Products and Practice. Journal of Orthodontics, 32, 
146-163. 
Sabri, R. (2005) The eight components of a balanced smile. Journal of Clinical 
Orthodontics, 39, 155-167. 
Sager, B. (2006) Stereolithography Characterization for Surface Finish 
Improvement: Inverse Design Methods for Process Planning. Georgia Institute of 
Technology. 
Saito, A., Namura, Y., Isokawa, K. Shimizu, N. (2015) CO 2 laser debonding of a 
ceramic bracket bonded with orthodontic adhesive containing thermal expansion 
microcapsules. Lasers in Medical Science, 30, 869-874. 
Salloum, E., Millett, D. T., Kelly, N., McIntyre, G. T. Cronin, M. S. (2017) Soft 
tissue changes: a comparison between changes caused by the construction bite and 
by successful treatment with a modified Twin-block appliance. European Journal 
of Orthodontics, 98, 1-7. 
Sarver, D. M. Ackerman, M. B. (2003) Dynamic smile visualization and 
quantification: part 2. smile analysis and treatment strategies. American Journal of 




Sawyer, A., See, M. Nduka, C. (2010) Quantitative analysis of normal smile with 
3D stereophotogrammetry–an aid to facial reanimation. Journal of Plastic, 
Reconstructive and Aesthetic Surgery, 63, 65-72. 
Sawyer, A. R., See, M. Nduka, C. (2009) 3D stereophotogrammetry quantitative lip 
analysis. Aesthetic Plastic Surgery, 33, 497-504. 
Sawyer, A. R., See, M. Nduka, C. (2009) Assessment of the reproducibility of facial 
expressions with 3-D stereophotogrammetry. Otolaryngology—Head and Neck 
Surgery, 140, 76-81. 
Scarfe, W. C., Farman, A. G. Sukovic, P. (2006) Clinical applications of cone-beam 
computed tomography in dental practice. Journal of the Canadian Dental 
Association, 72, 75-80. 
Schabel, B. J., Baccetti, T., Franchi, L. McNamara Jr, J. A. (2010) Clinical 
photography vs digital video clips for the assessment of smile esthetics. The Angle 
Orthodontist, 80, 678-684. 
Schabel, B. J., McNamara Jr, J. A., Baccetti, T., Franchi, L. Jamieson, S. A. (2008) 
The relationship between posttreatment smile esthetics and the ABO Objective 
Grading System. The Angle Orthodontist, 78, 579-584. 
Schupp, W., Haubrich, J. Neumann, I. (2010) Treatment of anterior open bite with 
the Invisalign system. Journal of Clinical Orthodontics, 44, 501-507. 
Scott, P., Sherriff, M., Dibiase, A. T.Cobourne, M. T. (2008) Perception of 
discomfort during initial orthodontic tooth alignment using a self-ligating or 
conventional bracket system: a randomized clinical trial. The European Journal of 
Orthodontics, 30, 227-232. 
See, M. S., Roberts, C. Nduka, C. (2008) Age-and gravity-related changes in facial 
morphology: 3-dimensional analysis of facial morphology in mother-daughter 
pairs. Journal of Oral and Maxillofacial Surgery, 66, 1410-1416. 
Sforza, C., De Menezes, M. Ferrario, V. (2013) Soft-and hard-tissue facial 
anthropometry in three dimensions: what’s new. Journal of Anthropological 




Sforza, C., Galante, D., Shirai, Y. F. Ferrario, V. F. (2010) A three-dimensional 
study of facial mimicry in healthy young adults. Journal of Cranio-Maxillo-Facial 
Surgery, 38, 409-415. 
Shalish, M., Cooper-Kazaz, R., Ivgi, I., Canetti, L., Tsur, B., Bachar, E.Chaushu, 
S. (2011) Adult patients’ adjustability to orthodontic appliances. Part I: a 
comparison between Labial, Lingual, and Invisalign™. European journal of 
orthodontics, 34, 724-730. 
Sharma, N., Rosenstiel, S. F., Fields, H. W. Beck, F. M. (2012) Smile 
characterization by US white, US Asian Indian and Indian populations. Journal of 
Prosthetic Dentistry, 107, 327-335. 
Shaw, W. (1981) Factors influencing the desire for orthodontic treatment. The 
European Journal of Orthodontics, 3, 151-162. 
Shaw, W., Lewis, H. Robertson, N. (1975) Perception of malocclusion. British 
Dental Journal, 138, 211-216.  
Sheridan, J. (1993) Essix retainers: fabrication and supervision for permanent 
retention. Journal of Clinical Orthodontics, 27, 37-45. 
Silva, M. a. G., Wolf, U., Heinicke, F., Bumann, A., Visser, H. Hirsch, E. (2008) 
Cone-beam computed tomography for routine orthodontic treatment planning: a 
radiation dose evaluation. American Journal of Orthodontics and Dentofacial 
Orthopedics, 133, 640. e1-640. e5. 
Simon, M., Keilig, L., Schwarze, J., Jung, B. A. Bourauel, C. (2014) Forces and 
moments generated by removable thermoplastic aligners: incisor torque, premolar 
derotation and molar distalization. American Journal of Orthodontics and 
Dentofacial Orthopedics, 145, 728-736. 
Springer, N. C., Chang, C., Fields, H. W., Beck, F. M., Firestone, A. R., Rosenstiel, 
S. Christensen, J. C. (2011) Smile esthetics from the layperson’s perspective. 
American Journal of Orthodontics and Dentofacial Orthopedics, 139, e91-e101. 
Srivastava, V. (2017) A Reviev on Advances in Rapid Prototype 3D Printing of 




Stevens, D. R., Flores-Mir, C., Nebbe, B., Raboud, D. W., Heo, G. Major, P. W. 
(2006) Validity, reliability and reproducibility of plaster vs digital study models: 
Comparison of peer assessment rating and Bolton analysis and their constituent 
measurements. American Journal of Orthodontics and Dentofacial Orthopedics, 
129, 794-803. 
Syrek, A., Reich, G., Ranftl, D., Klein, C., Cerny, B. Brodesser, J. (2010) Clinical 
evaluation of all-ceramic crowns fabricated from intraoral digital impressions based 
on the principle of active wavefront sampling. Journal of Dentistry, 38, 553-559. 
Swennen, G., Schutyser, F., Lemaitre, A., Malevez, C.De Mey, A. (2005) Accuracy 
and reliability of 3-D CT versus 3-D stereo photogrammetry based facial soft tissue 
analysis. International Journal of Oral and Maxillofacial Surgery, 34, 73. 
 
Tarvade, S. M. Agrawal, G. (2015) Smile analysis: A review Part I. International 
Journal of Contemporary Dental Medical Reviews, 210115. 
Tayer, B. H. Burek, M. J. (1981) A survey of adults' attitudes toward orthodontic 
therapy. American Journal of Orthodontics, 79, 305-315. 
Thilander, B. (1979) Indications for orthodontic treatment in adults. European 
Journal of Orthodontics, 1, 227-241.  
Titiz, I., Laubinger, M., Keller, T., Hertrich, K. Hirschfelder, U. (2011) 
Repeatability and reproducibility of landmarks—a three-dimensional computed 
tomography study. The European Journal of Orthodontics, 34, 276-286. 
Tjan, A. H., Miller, G. D. The, J. G. (1984) Some esthetic factors in a smile. Journal 
of Prosthetic Dentistry, 51, 24-88.  
Tomassetti, J. J., Taloumis, L. J., Denny, J. M. Fischer Jr, J. R. (2001) A comparison 
of 3 computerized Bolton tooth-size analyses with a commonly used method. The 
Angle Orthodontist, 71, 351-357. 
Toth, E. K., Oliver, D. R., Hudson, J. M. Kim, K. B. (2016) Relationships between 
soft tissues in a posed smile and vertical cephalometric skeletal measurements. 




Trotman, C. A., Faraway, J. J., Silvester, K. T., Greenlee, G. M. Johnston Jr, L. E. 
(1998) Sensitivity of a method for the analysis of facial mobility. I. Vector of 
displacement. The Cleft Palate-craniofacial Journal, 35, 132-141. 
Trotman, C. A., Stohler, C. S., Johnston Jr, L. E. (1998) Measurement of facial soft 
tissue mobility in man. The Cleft Palate-Craniofacial Journal, 35, 16-25. 
Tzou, C. H. J., Giovanoli, P., Ploner, M. Frey, M. (2004) Are there ethnic 
differences of facial movements between Europeans and Asians? British Journal of 
Plastic Surgery, 58, 183-195. 
Van Der Geld, P., Oosterveld, P., Schols, J. Kuijpers-Jagtman, A. M. (2011) Smile 
line assessment comparing quantitative measurement and visual estimation. 
American Journal of Orthodontics and Dentofacial Orthopedics, 139, 174-180. 
Van Der Geld, P., Oosterveld, P., Bergé, S. J. Kuijpers-Jagtman, A. M. (2008) 
Tooth display and lip position during spontaneous and posed smiling in adults. Acta 
Odontologica Scandinavica, 66, 207-213. 
Van Der Geld, P. A., Oosterveld, P., Van Waas, M. A. Kuijpers-Jagtman, A. M. 
(2007) Digital videographic measurement of tooth display and lip position in 
smiling and speech: reliability and clinical application. American Journal of 
Orthodontics and Dentofacial Orthopedics, 131, 301.e1-8. 
Van Der Meer, W. J., Andriessen, F. S., Wismeijer, D. Ren, Y. (2012) Application 
of intra-oral dental scanners in the digital workflow of implantology. PloS one, 7, 
e43312.  
Vardimon, A. D., Robbins, D. Brosh, T. (2010) In-vivo von Mises strains during 
Invisalign treatment. American Journal of Orthodontics and Dentofacial 
Orthopedics, 138, 399-409. 
Vig, R. G. Brundo, G. C. (1978) The kinetics of anterior tooth display. The Journal 
of Prosthetic Dentistry, 39, 502-504. 
Walton, D. K., Fields, H. W., Johnston, W. M., Rosenstiel, S. F., Firestone, A. R. 
Christensen, J. C. (2010) Orthodontic appliance preferences of children and 
adolescents. American Journal of Orthodontics and Dentofacial Orthopedics, 138, 




Wang, S., Li, M., Yang, H., Liu, Y. Sun, Y. (2017) Application of computer aided 
design and fused deposition modeling technology in the digital manufacture of 
orthodontic study models. Biomedical Research, 28, 4425-4431. 
Weinberg, S. M., Scott, N. M., Neiswanger, K., Brandon, C. A. Marazita, M. L. 
(2004) Digital three-dimensional photogrammetry: evaluation of anthropometric 
precision and accuracy using a Genex 3D camera system. The Cleft Palate-
Craniofacial Journal, 41, 507-518. 
Wheeler, T. T. (2017) Orthodontic clear aligner treatment.  Seminars in 
Orthodontics, Elsevier, 83-89. 
Whitesides, J., Pajewski, N. M., Bradley, T. G., Iacopino, A. M. Okunseri, C. 
(2008) Socio-demographics of adult orthodontic visits in the United States. 
American Journal of Orthodontics and Dentofacial Orthopedics, 133, 489. e9-489. 
e14.  
Winder, R., Darvann, T. A., McKnight, W., Magee, J. Ramsay-Baggs, P. (2008) 
Technical validation of the Di3D stereophotogrammetry surface imaging system. 
British Journal of Oral and Maxillofacial Surgery, 46, 33-37. 
Wong, B. H. (2002) Invisalign a to z. American Journal of Orthodontics and 
Dentofacial Orthopedics, 121, 540-541. 
Yamamoto, S., Miyachi, H., Fujii, H., Ochiai, S., Watanabe, S. Shimozato, K. 
(2016) Intuitive facial imaging method for evaluation of postoperative swelling: a 
combination of 3-dimensional computed tomography and laser surface scanning in 
orthognathic surgery. Journal of Oral and Maxillofacial Surgery, 74, 2506. e1-
2506. e10.  
Yang, I. H., Nahm, D. S. Baek, S. H. (2008) Which hard and soft tissue factors 
relate with the amount of buccal corridor space during smiling? The Angle 
Orthodontist, 78, 5-11. 
Yuzbasioglu, E., Kurt, H., Turunc, R. Bilir, H. (2014) Comparison of digital and 
conventional impression techniques: evaluation of patients’ perception, treatment 




Zachrisson, B. U. (1998) Esthetic factors involved in anterior tooth display and the 
smile: vertical dimension. Journal of Clinical Orthodontics, 32, 432-445. 
Zachrisson, B. U. (2005) Global trends and paradigm shifts in clinical orthodontics. 
World Journal of Orthodontics, 6 Suppl, 3-7. 
Zaruba, M. Mehl, A. (2017) Chairside systems: a current review. International 
Journal of Computerized Dentistry, 20, 123-149. 
Zhang, Y. L., Le, D., Hu, W. J., Zhang, H., Liang, L. Z., Chung, K. H. Cao, Z. Q. 
(2015) Assessment of dynamic smile and gingival contour in young Chinese 
people. International Dental Journal, 65, 182-187. 
Zimmermanna, M., Mehlb, A., Mörmannc, W. Reichd, S. (2015) Intraoral scanning 
systems–a current overview Intraoralscanner: eine aktuelle Übersicht. International 
Journal of Computerized Dentistry, 18, 101-129. 
Zinelis, S. Brantley, W. (2017) Structure/property relationships in orthodontic 
ceramics. Orthodontic Applications of Biomaterials. Elsevier, 61-71. 
Ziuchkovski, J. P., Fields, H. W., Johnston, W. M. Lindsey, D. T. (2008) 
Assessment of perceived orthodontic appliance attractiveness. American Journal of 
Orthodontics and Dentofacial Orthopedics, 133, S68-S78. 
Zogheib, T., Jacobs, R., Bornstein, M., Agbaje, J., Anumendem, D., Klazen, Y. 
Politis, C. (2018) Comparison of 3D Scanning Versus 2D Photography for the 
















APPENDIX 1 – CONSENT 
 




CONSENT BY SUBJECT FOR PARTICIPATION IN RESEARCH PROTOCOL 
Section A 
Protocol Number:               _____    Patient Name:   
  
 
Title of Protocol: The immediate effects of simulation with Invisalign and fixed appliances 
on facial expressions in adults. 
 
 
Doctor(s) Directing Research: (Prof D Millett)   Phone: (021 4901139) 
 
You are being asked to participate in a research study.  The doctors at University College Cork study the nature 
of disease and attempt to develop improved methods of diagnosis and treatment.  In order to decide whether or 
not you want to be a part of this research study, you should understand enough about its risks and benefits to 
make an informed judgment.  This process is known as informed consent.  This consent form gives detailed 
information about the research study, which will be discussed with you.  Once you understand the study, you 
will be asked to sign this form if you wish to participate. 
 
Section B 
I. NATURE AND DURATION OF PROCEDURE(S): 
 We want to see if there is a difference in your smile when wearing two different types of braces.  At 
the first visit we will take a scan of your teeth and take 3D pictures without any brace.  Four weeks later we will 
take these photos again without any brace in and with one of the braces.  Four weeks later again we will take 
these photos without any brace in and with the other brace.  Each time we take these pictures, we will take them 
again 15 minutes later. 
  
II. POTENTIAL RISKS AND BENEFITS: 
       There are no risks associated with having your 3D pictures taken.  The information we collect during the 
study will help us understand how good you are at repeating the same smile with different braces. This will 
allow us to better plan orthodontic treatment in the future. 
  
III. POSSIBLE ALTERNATIVES: 
 
        It is your choice to take part in this study or not.  You can withdraw at any time without giving a reason. 
 
  
             
Section C                                                                    AGREEMENT TO CONSENT 
 The research project and the treatment procedures associated with it have been fully explained to me.  
All experimental procedures have been identified and no guarantee has been given about the possible results.  I 
have had the opportunity to ask questions concerning any and all aspects of the project and any procedures 
involved.  I am aware that participation is voluntary and that I may withdraw my consent at any time.  I am 
aware that my decision not to participate or to withdraw will not restrict my access to health care services 
normally available to me.  Confidentiality of records concerning my involvement in this project will be 
maintained in an appropriate manner.  When required by law, the records of this research may be reviewed by 
government agencies and sponsors of the research. 
 I understand that the sponsors and investigators have such insurance as is required by law in the event 




 I, the undersigned, hereby consent to participate as a subject in the above described project conducted 
at the Cork Teaching Hospitals.  I have received a copy of this consent form for my records.  I understand that 
if I have any questions concerning this research, I can contact the doctor(s) listed above.  If I have further queries 
concerning my rights in connection with the research, I can contact the Clinical Research Ethics Committee of 
the Cork Teaching Hospitals, Lancaster Hall, 6 Little Hanover Street, Cork. 
 After reading the entire consent form, if you have no further questions about giving consent, please 
sign where indicated. 
 
Doctor:                                                     
   
        Signature of Subject, Parent or 
Guardian 
        (include a separate line for assent of 
minor, if applicable) 
 
Witness:                                                 Date:                             Time: 
 AM               












APPENDIX 2 – POST STUDY QUESTIONNAIRE 
 
  
Survey of perception of Invisalign versus Fixed Appliances
 Very Good    Good Poor Very Poor
Clear Braces
Fixed Braces
1. How would you rate the appearance of each type of brace?*
 Very Comfortable Comfortable Uncomfortable Very Uncomfortable
Clear Braces
Fixed Braces
2. How comfortable did you find each type of brace to wear?*
 Very Comfortable Comfortable Uncomfortable Very Uncomfortable
Clear Braces
Fixed Braces
3. How comfortable did you find each type of brace for smiling?*
 Not at all Very Little Somewhat To a Great Extent
Clear Braces
Fixed Braces
4. How much was your bite affected by each type of brace?*
 Not at all Very Little Somewhat To a Great Extent
Clear Braces
Fixed Braces
5. How much were your lips, cheek and tongue affected by each type of brace?*
 Not at all Very Little Somewhat To a Great Extent
Clear Braces
Fixed Braces
6. How much do you think your study/working life would be affected by each type of brace?*
 Not at all Very Little Somewhat To a Great Extent
Clear Braces
Fixed Braces
















APPENDIX 3 – RESULTS OF THE ORIENTATION MARKER 
SELECTION REPEATABILITY STUDY 
 
 
  
 
 
161 
 
 
  
 
 
162 
 
 
 
 
 
  
 
 
163 
 
